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ADVANCED MATERIALS 


Germany: Advanced Test for Materials Defects 


MI0112133693 Bonn TECHNOLOGIE-NACHRICHTEN 
MANAGEMENT-INFORMATIONEN in German 
28 Oct 93 pp 9-10 


[Text] A novel test system that facilitates fault detection 
in a variety of materials and combinations of materials 
has been developed, built, and tested by Battelle Engi- 
neering GmbH in Frankfurt. Even molded parts with 
complicated geometries can easily be inspected. 


Cavities down to a minimum diameter of 3 mm directly 
below the surface and larger faults deeper down can be 
detected, even when there are local differences in 
foam hardness. 


The system’s capacity for detecting faults in glued joints 
between one metal and another, metal and plastic, 
plastic and wood, other combinations of materials, and 
honeycomb structures has also been put to the test. 


The system can be used, for example, for monitoring the 
start of a new series, optimizing foaming or bonding 
processes, strength testing, random sampling during 
manufacturing, and 100 percent monitoring of critical 
sectors. 


The range of potential applications is thus wide: The 
motor vehicle and associated industries, the aircraft 
industry, the wood and plastics converting industries, 
shipbuilding, and many other areas can benefit from the 
new inspection system. 


It holds out another advantage as well: It needs no 
specialized personnel to operate it, nor does it require 
the products to be pretreated in any particular way prior 
to inspection. There is no need to use coupling [Koppel-] 
fluids and pastes. The basic device incorporates the 
power supply, the excitation and evaluation electronics, 
and the acoustic fault indicator. An optical fault indi- 
cator is integrated into the test head along with the 
electromechanical excitation system and the sensor. The 
signal is given on-line when a fault is detected. 


Further information is available from Rainer Weiss, 
Testing and Plant Engineering Dept., Battelle Engi- 
neering GmbH, Am Roemerhof 35, D-60486 Frankfurt, 
tel. 069/7908-2845. 
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France: Aircraft Firms Pool Composites 
Know-How 

BR2212091293 Paris LA LETTRE DU GIFAS 
in English 11 Nov 93 p 1 


[Unattributed article: “ALKAN and LATECOERE 
Associated for Composites” 


{Text} ALKAN and LATECOERE are planning an 
industrial cooperation agreement covering composite 
structures for aeronautical applications and other arma- 
ment and industrial uses. They will be employing the 
unique SIMS (Structures Integrales Monolithiques a 
pointe singliers) [Integral Monolithic Single-point Struc- 
tures} and RAC (Revetements contre Agressions des 
Composites) [Coating against Agression by Composites] 
process. ALKAN has developed much knowhow as well 
as specific processes for the conception of primary 
non-bonded structures. Applications now in develop- 
ment include the oil tank of the GE90 built in partner- 
ship with SNECMA, a pod pylon for the Rafale, flanges 
for aircraft wheels, tank rollers, etc. For many years 
LATECOERE has been investing in equipment and 
activities aimed at composites and has now attained a 
high competitive level for plan layout and production. 
LATECC’ RE :s a partner in making important struc- 
tural composites for the CFM56, thrust reversers for the 
V2500 and parts for the MD11, Falcon 2000 and Airbus. 


The Boards of Administration of the respective firms 
have given agreements of principle to cooperation being 
organized in the form of an Economic Interest Group, or 
risk-sharing partnership, now being fine-tuned. It will 
open the way to a pooling of work and facilities for 
improved market position. ALKAN/LATECOERE— 
Contact: Mr. B. Javary - Phone 33-1-43-89-39-90, Con- 
tact: Mr. H. Schembri—Phone: 33-61-39-77-57. 


French-Russian Team Develops Fullerene Harder 
Than Diamond 

BR0601153394 Paris SCIENCES ET AVENIR 

in French Jan 94 p 8 


[Text] Fullerenes continue to generate a lot of interest. 
After forming a quasi-crystal cylinder, now carbon 60 
has given birth to a polymer capable of scratching 
diamond, currently the hardest known material. By 
placing a pinch of carbon 60 powder between two 
diamond dies and twisting them, a noncrystalline, semi- 
transparent derivative 1s obtained that is not diamond 
but which probably marks the beginning of a new class of 
ultrahard materials. The result of joint French-Russian 
work (French chemists from Orsay, Tours, and the ENS 
[teacher training school] working with Russian 
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researchers from the Vereshchagin [name as published] 
Institute), this compound could have industrial applica- 
tions in the manufacture of tools for oil well drilling and 
diamond working. It must, however, be possible to 
obtain sufficient quantities of the substance. 


Ceramic Antifriction Bearings for Mainstream 
Applications 


94WS0051A Duesseldorf VDI NACHRICHTEN 
in German No 41, 15 Oct 93 p 225 


[Article by Ruediger Abele] 


[Text] Ceramic Antifriction Bearings Spreading from 
Exotic Nook 


Obsolescence of lubricants is inevitable in special appli- 
cations for the Chemical and Food Industries. Professor 
and Doctor of Engineering H. Maier says what we lack is 
quick pilot production. 


VDI-N, Aachen, 15 Oct 93. They are still lurking as 
likely machine elements with properties yet unknown to 
many engineers. This can change, however, because 
ceramic bearings are ideal for numerous applications 
where conditions are extreme. They feature a high 
thermal stability and an extremely high corrosion resis- 
tance, and do not always require lubrication. 


Owing to the special properties of the material, ceramic 
bearings are bound to be eventually used where hereto- 
fore conventiona! antifriction bearings cannot be used 
as, for instance, in chemical reactor vessels. “The 
demand for ceramic bearings will grow,” Grad. Eng. 
Matthias Popp is convinced, “wherever not only envi- 
ronmental compatibility, durability, and maintenance- 
friendly operation but also energy consumption and 
availability of the material are the principal consider- 
ations.” As business manager of the Wemhoener & Popp 
enterprise in Herzogenrath near Aachen, which designs 
and manufactures antifriction bearings from purchased 
ceramic raw material, he is since 1989 active in this new 
and very innovative market. 


Users are meanwhile still very skeptical about this new 
high-performance material, which has the reputation of 
crumbling upon the slightest touch. What is commonly 
called brittleness Prof. Dr. Horst Maier, director of the 
Institute of Ceramic Components in Machine Construc- 
tion (IKKM) at the RWTH Aachen, calls “limited 
ductility.” 


The vocabulary used here makes it quite clear that, up to 
a certa.n limit, the ceramic material can display all its 
advantages while maintaining its extremely high shape 
stability. “This limit is not reached under the specific 
load for which a machine element has been designed”, 
explains Professor Maier and he adds: “For many years 
we have been making the mistake of letting only special- 
isis in fracture mechanics deal with ceramic materials. 
They can tell us precisely indeed when something will 
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break to pieces, but in modern ceramic technology we 
are concerned about reliability rather than about proba- 
bility of fracture.” 


Professor Maier sees an essential task for the IKKM to 
be seeking new applications for “his” material. For the 
purpose of a still more effective collaboration with the 
industry, there was in 1990 established the Institute of 
Ceramic Processing and Application Engineering 
(IPAK). Unlike in classical research and development, 
areas of applications in IKKM and in IPAK are not 
subdivided into those pertaining to machine construc- 
tion or processing technology. The director explains the 
operation of his Institute as follows: “We analyze our 
applications for the ceramic material on the basis of its 
properties so as to subsequently identify those utilizing, 
for instance, its small specific gravity or shape stability”. 
As a specific example, still in the development stage, he 
cites the possibility of using a ceramic material in a blast 
furnace, where materials must be extremely heat- 
resistant at temperatures up to 1300°C. Steel stokers, 
until recently used in these furnaces, require cooling. 
Owing to the high heat, not only the water and energy 
consumption is high but so is also the CO, emission. 
These economic and ecologic drawbacks can be over- 
come by use of ceramic stokers which, because of their 
heat resistance, require no cooling and thus eliminate the 
need for a coolant circulation loop and the intensive 
maintenance thereof. 


Except for a few classical applications, such as those 
where temperatures are high, wear is a significant factor 
in chemical apparatus, or in filters. For potential users, 
use of this ceramic material as a structural one still 
remains worthwhile in discovering unknown territory. “I 
view myself somewhat as a trail blazer intent on setting 
things in motion”, says Professor Maier. “We bring the 
partners to the table for a regularly ongoing ‘target 
ceramics’ research and application forum. We carry on 
educational activity concerning application possibilities 
for the ceramic material, we are laying out the theory 
while also showing practical examples which include 
finished products.” 


Professor Maier assesses the research and production 
status in Germany. “In the area of structural ceramics 
our chances are now very good.” In the area of functional 
ceramics as for sensors or chip carriers, he says, “We just 
have missed the boat. Japan is leading here by having 
better coordinated research and manufacture.” 


Actually the manufacturers operate with an overcapac- 
ity, asserts Professor Maier. “What we lack is quick pilot 
production, considering that flexibility in production of 
small lots is needed for helping the user innovate.” In 
this way it would be possible to develop new areas of 
advancement. These include sliding ring seals for pumps 
and compressors as well as unlubricated antifriction 
bearings for the food industry. 


The pace at which ceramic bearings are marketed is slow, 
but not so much because of manufacturing engineering 
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problems. “‘Testing was discontinued not because of the 
intricacy of the bearing manufacturing process,” Mat- 
thias Popp offers a background explanation, “‘but 
because we were not quite clear about the actual market 
potential.” In his opinion, the mistake was focusing on 
replacement of steel bearings instead of seeking new 
applications for the ceramic material. 


Popp knows not only the advantages and disadvantages 
of ceramic material but also the problems of customers 
in the chemical apparatus, machine construction, and 
processing technology sectors. “The best applications for 
totally ceramic bearings are found foremost in chemical 
technology and biotechnology where they will operate 
hermetically sealed from the environment and run in 
aggressive media such as acids, lyes, or liquid synthetics 
and thus where use of conventional metal bearings is out 
of question.” 


Ceramic bearings made by Wemhoener & Popp from 
silicon nitride and zirconium oxide as raw materials can 
withstand temperatures up to above 1000°C. They also 
remain corrosion-resistant in almost all media and are 
extremely wear-resistant owing to their quite appreciable 
80 Rockwell C hardness. “Steel bearings require grease or 
oil lubrication and, therefore, cannot be placed in chemical 
reactor vessels where they would contaminate the reaction 
product.” Popp does not hesitate to compare them with 
ceramic bearings which, on the contrary, could become 
lubricated by the processed medium such as fruit juice and 
therefore could enjoy a long life even without an added 
lubricant. He adds that “these ceramic bearings also run 
lighter than conventional antifriction bearings, owing to a 
40% smaller friction coefficient.” With a specific weight 
60% lower than that of steel, they are also ideal for 
light-weight structure. Last but not least, a fully ceramic 
bearing is nonmagnetic and dielectric. 


“Ceramic bearings are today made almost exclusively of 
hot isostatically pressed silicon nitride (HIPSN), because 
of the homogeneous structure of this material,” explains 
the bearings expert, “because hardness is very important 
as far as antifriction bearings are concerned.” In com- 
parison with high-alloy steels such as 100 Cr6, for 
example, HIPSN is with a 1,500-1,700 DPH 0.5-kg 
number more than twice as hard. The hardness is 
retained at temperatures up to 800° and decreases only 
very slowly at still higher temperatures. 


At the same time, however, making harder materials also 
means a more elaborate treatment. For this the Aachen 
producers of antifriction bearings use modern CNC 
grinding center wheels which most often carry diamond 
bits so as to ensure the necessary precision. A sensor 
touches the treated surface continuously throughout the 
grinding operation, the operation then being automati- 
cally terminated as soon as the desired finish has been 
attained. The result of this treatment is a high-precision 
product: antifriction bearings with dimensions deviating 
less than 4 pm from nominal, the race length deviating 
only 0.2 pm maximum, and the race width deviating 
only | gmm maximum. 
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Not only in chemical technology can ceramic material be 
used under extreme conditions. This high-tech material 
is also invading everyday life. For example, ceramic 
antifriction bearings in the bicycle hub shown here 
ensure maintenance-friendly light running. Photograph 
by Wemhoener & Popp. 


UK: Composite Materials Discovered for 
Submicron Structures 


94WS0059D Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 19 Oct 93 p 8 


[Article by “‘oel’’ under the rubric “Companies/ 
Research/Technology”: ‘“‘Composites for Submicron 
Structures. Organic Lipids Can By Themselves Arrange 
Themselves Into Special Structures’’] 


[Text] Frankfurt—Chemists at the British University in 
Bath under the direction of professors Stephen Mann 
and Douglas D. Archibald have found a fabrication 
process for organic-inorganic microcomposites that 
allows one very flexibly to make quite different struc- 
tures of materials. The process points out new ways to 
make submicron structures. 


The process is based on laboratory observations that 
organic lipids that have a hydrophilic sugar group like 
that of the so-called cerebrosides can by themselves 
arrange themselves into special structures. Moreover, 
lamellar, fibrillar, or tubular developed microstructures 
form via self-arrangement. 


When suspensions of these structures are brought into 
contact with ferric chloride in an acid environment, 
films of iron oxides form that eventually change into 
magnetite-type crystal beds. So, ceramic structures form 
from an organic matrix with metallic oxide particles. 


Their structure can be compared with that of bone 
matter, which consists mainly of an organic matrix made 
of the cartilage-forming protein collagen and are 
embedded in the inorganic particle made of the mineral 
calcium phosphate hydroxyapatite, and thereby impart 
to the bone hardness and strength together with a certain 
elasticity. 


Until now similar microcomposites have been able to be 
produced in small amounts only with zeolites, into 
whose pores a few different organic molecules were 
embedded. A greater multitude of different structures is 
possible now because of the ability to influence the 
organic components of the microcomposites. 


Although one can not yet predict which end products can 
be synthesized in large quantities even technically in the 
future, synthesis from lipids represents an important 
advance in the direction of the utilization of self- 
arranging organic compounds. However, extensive 
research work is still required. 
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The University of Bath (Bath BA2 7AY, United 
Kingdom) reports that it hopes that a portion of this 
work can be sped up by means of special designer 
programs that can make, already before the actual syn- 
thesis and synthesis reactions, quite precise theoretical 
statements concerning the properties that can be 
expected. 


Germany: New Materials Developed Using 
Nanotechnology 


94WS0062A Munich TOP BUSINESS in German, 
Nov 93 pp 114-121 


[Article by Josef Steltser. } 


[Text] New Materials: Efficacy of Various Smart- 
Material Midgets 


Researchers in Saarbruecken are magically making new 
materials with fantastic properties from incredibly small 
particles. Whoever has mastered this technology pos- 
sesses the key to a multitude of product innovations. 


Some materials coming from the laboratory of the Saar- 
bruecken Institute of New Materials (INM) GmbH 
[GmbH = Ltd] seem to be coming from a witch’s kitchen 
of modern alchemists: From unimaginably small parti- 
cles, hardly larger than molecules, they make materials 
which in an almost any desirable way combine the 
heretofore not concurrently attainable properties of 
glass, ceramic, metals, and plastics. Novel automotive 
varnishes whose color can be changed instantaneously by 
push-button action are foreseen by the INM experts, as 
are finest filters which automatically close their pores 
when they detect the presence of certain gases. 


There is more to such futuristic application concepts 
than the pure joy of experimentation. “In the future new 
custom made materials will play the key role in devel- 
opment of innovative products and in solution of con- 
founding problems” predicts Prof. Helmut Schmidt, 
business managing director of the INM. 


INM researchers are developing synthetic materials and 
new processing techniques so that boundaries between 
glass, ceramic, plastic, and metal become blurred. 


The new wonder materials satisfy every conceivable 
requirement: to be more resistant, more durable, and 
more elastic than every metal; to automatically indicate 
invisible defects as, for instance, in the outer skin layer 
of aircraft, or to withstand temperatures of up to several 
thousand degrees when used as heat shields. 


The secret of the Saarbruecken researchers are so-called 
nanoparticles, only a few nanometers large particles. In 
this field the INM (with a staff of 150 persons) has 
attained the top position globally and is pressing like a 
resourceful David against the Japanese superpower in 
the future-oriented race for new materials. 


INM chief Helmut Schmidt says, “With their wonder 
materials these Saarlanders are opening unthought-of 
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application poss. vilities which promise enormous 
advantages in the global contest.” 


With relatively simple mixtures, the Japanese have 
already in the eighties demonstrated how decisive mate- 
rials are in winning the global contest. ““With ingenious 
and inexpeiisive components made of glass”, Schmidt 
cites as an example, “copier equipment manufacturers 
like Canon have dislodged U.S. competitors and their 
costly optics.” 


Success with Ormocers 


With tiniest glass globules a few micrometers in diameter 
embedded in the surface of video tapes, the Japanese 
were able to set a new standard and conquer the world 
market. “At the same time”, says Schmidt, “about 75% 
of ali high-tech produc.s use materials especially devel- 
oped for the...” 


This busy materials expert knows what he is talking 
about. In the mid- eighties he was already engaged in 
developing the so-called Ormocers (Organically Modi- 
fied Ceramics), to create a sensation: inorganic ceramics 
and organic plastics being grown together—a long tech- 
nological step forward in materials research. Two here- 
tofore not concurrently attainable properties, hardness 
of ceramics and high ultimate strength of plastics, are 
here realized in one material. 


During the 1986-90 period Schmidt was, as director of 
the Fraunhofer Institute for Silicates Research in 
Wuerzburg, successfully engaged in industrial applica- 
tion of Ormocers. An example is the mixture specially 
developed by the Wuerzburg team and used by the Rupp 
& Hubrach KG [Kommanditgesellschaft = Limited Part- 
nership] in Bamberg as an exceptionally scratch-resistant 
material for coating eyeglasses. With only 12.6 kg of this 
material, the French have reached a sales figure of 15 
million DM in 1992 alone. Another Schmidt-Ormocer is 
used by the Biberacher Basotherm GmbH as an 
extremely effective additive in a novel skin creme 
against acne. 


No wonder that in 1990 this busy materials expert and 
research manager readily accepted the offer to become 
chairman of the INM, which had been established in 
1987. “Here we can in a downright ideal way combine 
industry- related projects with government-financed 
basic research”. He can enumerate about 100 joint 
projects with companies like Daimler-Benz, Bayerische 
Motor Werke (BMW), or Schering. Some of these 
projects pertain to extension and further development of 
the Ormocer technology along with its underlying sol-gel 
manufacturing process. 


Still more momentous for the future appears to be 
nanotechnology invented by the INM basics researcher 
Prof. Herbert Gleiter. There is an unpredictable number 
of possible applications for this technology in areas 
ranging from metals and plastics processing to optoelec- 
tronics and bioengineering. 
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Multicolor Mixture 


What is being researched at the Institute of New Mate- 
rials? Color emulsions for the nanotechnology: starting 
material for ultrafine powders of particles a few nanom- 
eters in diameter. 


NANOCOMPOSITE MATERIALS 


Smart Materials: Intelligent materials whose properties 
will change for a purpose in response to light, electric 
signals, or mechanical action are nanotechnological 
materials. With these materials one can build active 
components which do not require external sensors and 
control elements. 


Environment-Protecting Materials: Custom made mate- 
rials which absorb toxic gases or harmful liquids such as, 
for example, gasoline sludge. 


Bioengineering Materials: Nanocomposite materials can 
be adjusted more precisely than conventional materials 
to given biological conditions (e.g., for more compatible 
implants). 


Materials for Integrated Optics: With nanocomposite 
materials one can produce special effects required of 
optical switches in communications, engineering, and 
future computer engineering. Passage of incident light 
rays through a transparent material of this kind can be 
either permitted or barred by appropriate optical signals. 


Graded Materials: Controlled growth of the material 
structure makes it possible to impart special properties 
to thin (micrometers thick) layers. 


Coatings For Metals and Plastics: Nanotechnology facil- 
itates improvement of surface properties of addition of 
new ones. 


GLASS 


Glass Composites: The sol-gel process makes it possible 
to produce coatings which will confer a variety of prop- 
erties on a surface. The principal aim is to convert the 
glass surface into an intelligent system to be used in 
vehicle construction, architecture, and display tech- 
niques, etc. 


Sintered Glasses: The processes which precede sintering 
(baking a mixture by heating) in glass manufacture by 
the powder technology are being further developed. Not 
only synthesis of novel functional coatings for glass 
surfaces but also joining glasses homogeneously at tem- 
peratures below the softening point without use of 
adhesive becomes feasible. 


CERAMICS 


Synthesis of Nanopowders: The goal is to eventually 
produce diverse nanoparticles of almost any desirable 
composition and size. 
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Processing Technology for Nanopowders: Techniques of 
processing extremely fine raw materials already adjusted 
for practical use by industry indicate new ways of 
making ceramic materials. 


Ceramics Processing Technology: Further development of 
the nanotechnology is aimed at a lower cost of making 
completely nondefective homogeneous raw ceramic mate- 
rials (greenware) and at lower the sintering temperatures. 


Says INM researcher Reiner Kasemann, “The new forms 
of material synthesis will trigger a revolution similar to 
that triggered by microelectronics.” 


With tiniest particles, only a few dozens of times larger 
than a molecule, it is possible to properly program the 
properties of a material. This is so because the synthetic 
midgets, visible only under a transmission electron 
microscope, exhibit entirely new properties when assem- 
bled en masse. Granules smaller than 15 nm in diameter 
thus become properly transparent. A nanocomposite 
material made by mixing such plastic and ceramic par- 
ticles in an intricate chemical process becomes astonish- 
ingly a transparent material. 


This leads to application possibilities one can dream of. 
Electrochromic and photochromic nanocomposites are 
thus being developed by the INM whose color or optical 
transmittance can be changed by application of voltage 
pulses or exposure to sunlight respectively. Window glass 
coated with such a material could be darkened instanta- 
neously by push-button action. 


In automobile manufacture, too, there are good oppor- 
tunities for smart nanomaterials. The color of rear and 
side windows, for instance, can in the future be arbi- 
trarily varied by an electric signal coming from a dash- 
board switch. The benefit this feature offers is that it 
prevents excessive heating of the interior by intense solar 
radiation. 


Marketable Nanomixtures 


In addition, Schmidt is now developing smart fluids for 
new shock absorbers which will, within fractions of a 
second, adjust their stiffness to the road condition. The 
mechanism of this curious change rests on the damper 
fluid becoming as stiff as legs exactly when an electrically 
controlled sensor indicates very deep pot holes. On this 
basis, much more comfortable and also simpler spring 
systems could eventually be built. 


Nanomixtures of plastic and ceramic material are harder 
and have a higher load capacity than every metal, which 
makes them eminently suitable for coatings. Their first 
marketable applications have already been developed: 


1. For extra highly resistant aluminum surfaces. Con- 
ventional coating with epoxy resins provides merely 
inadequate long-term protection and, moreover, 
requires surface cleaning and pickling treatments 
during which chloroferous sludge is being discharged. 











Much more scratch and wear resistant nanocoatings 
can, on the contrary, be deposited without polluting 
prior surface treatment. 


2. Nanocomposite materials are also eminently suitable 
for dirt-repellant coatings. The INM material which 
consists of special ingredients containing aluminum, 
silicon, and fluorine respectively is much more 
durable than the conventional plastic coating mate- 
rial and, in addition, prevents detrimental dirt depo- 
sition. 


3. The INOPEX GmbH in Saarbruck will eventually 
produce bathroom mirrors with a nanocoating 
designed to prevent water vapor deposition and to 
last much longer than comparable products. 


For ceramic materials nanotechnology offers downright 
fantastic possibilities. The shortcoming of these extraor- 
dinarily wear-resistant and high-temperature heat- 
resistant materials has until now been their attendant 
fragility, owing to irregularities of the original powder 
mass. With the aid of the nanoparticle technique, the 
INM researchers were able to effectively avoid dreaded 
formation of defects in a very promising all-around 
material by making it from grains thousand times finer 
than before. 


In addition to that, the Saarbrueck researchers want to 
produce by a novel processing technique the heretofore 
awfully expensive nanopowder (now costing a few thou- 
sand DM/kg) for a price of 50-150 DM/kg. They were the 
first ones able to mix perfectly uniform ceramic particles 
only 15 nm in diameter so as to space them closely but 
allow them to move freely. Until now nanotechnologists 
unfortunately tended to produce particles on the premise 
that making them smaller made its easier for them to 
“stick” to one another, but this led to formation of 
worthless lumps. 


The INM researchers have tamed these obstinate 
midgets, a billion of which would fit in a pinhead, by 
coating them with an ultrathin molecular monolayer 
sheath. This sheath ensures that they remain spaced 
exactly 0.4 nm apart. 


This superior processing technique makes many her- 
alded applications for a heretofore notoriously fragile 
material realizable. A nanoceramic material may to a 
large extent replace steel or aluminum in automobiles. 
While it is so elastic as to be suitable for spring compo- 
nents, its wear resistance and high-temperature heat 
resistance are also so exceptional that costly water 
cooling could be dispensed with. 


Meager Assistance 


Despite all the successes and magnificent prospects, 
Schmidt remains altogether skeptical about German 
materials research. “Materials require an especially long 
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lead time, ten years or more being necessary for innova- 
tion. In Germany as a rule”, the INM chief complains, 
“no projects lasting longer then three years are being 
subsidized.” 


Not so in Japan: The chief guardians of technology at the 
Ministry of Industry MITI are pumping 10 billion dol- 
lars into materials research over the 1989-98 period 
alone. For comparison: According to the materials 
expert Michael Witzel at the Arthur Little business 
consulting firm, the Federal Ministry of Research and 
Technology subsidized altogether 577 projects with only 
894 million DM from 1985 till the beginning of 1992 
and in the future it will provide rather less. 


There is an additional disadvantage which the German 
industry faces in dealing with competition from the Far 
East: “The research structures in Japan are,” says INM 
chief Schmidt, “much more efficacious. In Germany we 
have many specialists, to be sure, but nobody who would 
lead them as would an orchestra conductor toward 
coordinated team effort. In Japan this role is taken over 
by MITI.” 


TOP BUSINESS INFO 


Institute of New Materials (INM) GmbH, Saarbruecken 
established in 1987. 


Partners: Saarbruecken University (51%) and Federal 
State Saarland (49%). 


Business managing director: Prof Helmut Schmidt. 


Expenditures: 15 million DM in 1992, two thirds for 
state-financed basic research. 


Staff: 150 persons. 


Tasks: The Institute does basic research on new mate- 
rials and develops specifically applicable materials for 
the industry. 


Market position: The Institute occupies a top position 
worldwide in the realm of momentous future applica- 
tions (especially for adhesives and ceramics). 


Germany: Superlight Alloys Developed 
94WS0121A Berlin INGENIEUR DIGEST: 
FORSCHUNG & ENTWICKLUNG in German, 
Nov 93 pp 20-21 


[Article by Guenther Ludvik] 
[Text] Superlight Primadonna 


Metallic materials of the future are expected to be as 
hard as steel but substantially lighter. A magnesium- 
lithium superlight alloy developed at the Hannover 
' versity is half as heavy as aluminum. 


The alloy consists of 60% atom. Mg and 40% atom. Li. Its 
density is only 1.3 g/cm’, making it weigh six times less 
than steel and half as much as aluminum. The credentials 
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of this new material from Hannover demonstrate that the 
scientists of the Hannover research team have, with their 
novel binary alloying technique, come a whole lot closer to 
realizing the dream of superlight materials. 


Researchers have for decades been fascinated by the chal- 
lenge to produce superlight materials with a lower than 1.5 
g/cm? density by alloying with the lightest metallic ele- 
ment, which is lithium. Magnesium alloys are an inter- 
esting possibility as such a partnership, their density being 
40% lower than that of aluminum-based materials. 


Such binary materials have encouraging properties: not 
only a much lower density than that of conventional 
magnesium alloys but also a better formability. Their 
advantages are, however, unfortunately attended by 
serious drawbacks: very low mechanical strength and 
very low corrosion resistance. 


“Alongside the basic concept of an integrated material 
development is also considered the industrial aspect of 
subsequent material production, i.e., evaluation of 
industrially feasible alloy making processes and testing 
techniques”, so does Prof. Dr.-Eng. Heinz Haferkampf 
describe the scope of work done by the Hannover 
research team as sponsored by the DFG (Deutsche 
Forschungsgemeinschaft = German Research Associa- 
tion). Powder metallurgy and nondestructive testing 
methods are accordingly being refined for adaptation to 
the specific properties of that new group of alloys. 


Unfortunately, the new material behaves like a moody 
primadonna. It poses serious problems in the magne- 
sium and lithium mixing stage, inasmuch as both metals 
are chemically very active even in a normal atmosphere. 
A protective gas such as argon shielding the material 
from air must, therefore, be provided throughout the 
alloy making process. 


Magnesium with its hexagonal basic crystal lattice is, 
moreover, by nature brittle. Increasing the lithium con- 
tent influences the crystal structure in a way which 
improves its formability. Because of the high lithium 
diffusion rate, on the other hand, segregation takes place 
and the material becomes nonhomogeneous. 


Even after successful casting there still remain unre- 
lenting difficulties. Unlike aluminum-based materials, 
which form a continuous oxide surface film protecting 
them against further corrosion, magnesium-lithium 
alloys form steadily growing chappy chemically active 
layers. A high lithium content in the alloy and humid 
environment accelerate the loss of material. 


Material researchers limit the mobility of lithium by 
adding elements which appropriately inhibit the diffu- 
sion of lithium, for instance by binding lithium into 
compounds. Addition of hydrogen to the melt has 
proved to be very promising. 


A material with much better properties is, however, 
obtained by adding slight amounts of aluminum and 
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zinc. This will unfortunately result in accelerated coars- 
ening of the structure during heating and thus will not 
ensure the mandatory long-term stability required of 
engineering materials. 


Experimentation with additives such as silicon, cad- 
mium, and zirconium seems to have revealed a way out 
of this dilemma. “Already slight amounts of silicon make 
the material more corrosion-resistant and thus reduce 
the loss of material to half the loss of conventional 
structural steel due to corrosion” Professor Haferkampf 
states joyfully. “For goal-oriented modifications of the 
alloy composition there are available metallurgical tech- 
niques which will ensure a low contamination level 
during treatment of highly chemical reaction prone alloy 
melts and thus ensure reproducibility of alloy making 
and treatment procedures.” 


The alloy making process involves homogenization of 
the melt by stirring and its subsequent casting into steel 
molds. Attendant conversion and heat treatment are 
designed to improve the mechanical properties and to 
increase the corrosion resistance. 


A homogeneous melt can then be “frozen in” by rapid 
cooling. Material combinations can thus be obtained 
which are not obtainable by conventional casting 
methods. The melt is subsequently atomized into small 
droplets by injection of a high-energy gas jet. The fin- 
ished material is a fine metal powder consisting of 
globular particles. The diameter of globules produced in 
a fully automatic spray-nozzle apparatus ranges from 
0.02 mm to 0.25 mm, depending on the process condi- 
tions. This powder is then, by heat and pressure, con- 
verted into a compact material. 


Use of superlight cast Mg-Li alloys has been first dem- 
onstrated on a 10 mm thick and 300 mm in diameter 
light lamination (weighing only 0.7 kg) of a rotary 
neutron selector. It withstood speeds higher than the 
minimum required 20,000 rpm. Such rotors make it 
possible to select specific radiation propagation veloci- 
ties for analysis of magnetic materials, electronic com- 
ponents, and plastics. Professor Haferkampf is satisfied: 
“Excellent machinability and high neutron absorption 
capacity, among lithium’s relevant properties, enable 
this new kind of alloy to reach a very promising appli- 
cation potential in competition with fiber-reinforced 
plastic materials currently in use.” 


Germany: Research Program To Enhance 
Corrosion Protection 

94WS0147B Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 24 Nov 93 p 8 


[Article by re: “Corrosion Research Can Help Avoid 
Billions in Damage”’} 


[Text] Frankfurt—Each year corrosion causes losses 
amounting to about 100 billion German marks [DM] in 
Germany. But a large part of the damage could be 








avoided if the existing knowledge were correctly used. 
Dechema Deutsche Gesellschaft fuer Chemisches Appa- 
ratewesen, Chemische Technik und Bictechnologie eV, 
Frankfurt, is drawing attention to this on the occasion of 
the Corrosion and Corrosion Protection Research and 
Development Program (FEKKs), which is now being 
held in Leipzig (22 to 25 November) concurrently with 
the Innomata °93 international exhibition meeting for 
materials technology and materials applications. 


A 20 to 30 percent share of the corrosion damage cannot 
be avoided, however, because it is the result of our 
technical development. Primarily the use of new or 
further developed materials and the use of known mate- 
rials for new applications always leads to unexpected 
corrosion damage from previously unknown corrosion 
mechanisms. 


The research program on corrosion protection, which 
has been under way for 20 years, with more than 500 
individual projects, is estimated by experts to have 
contributed benefits worth billions. It is also said to be 
the basis for solving future tasks. Through the intensive 
coordination and cooperation between materials pro- 
ducers and users and research institutes, the knowledge 
about corrosion processes and corrosion protection has 
grown tremendously and has today been included in the 
standards. 


As Dechema further reports, there are also examples of 
direct conversion of the know-how. Thus, a patent for 
the production of aluminum-rich surface layers on steels 
is being used by a small enterprise to protect flaps and 
shafts which are under extreme thermal stress in engine 
control systems. 


In the last few year corrosion experis have devoted 
themselves in detail to the problems of construction with 
concrete. It has been possible to develop an electrochem- 
ical method for localizing places in the concrete where 
the reinforcing steel corrodes. It was further possible to 
demonstrate that it is electrochemically possible to real- 
kalize concrete while simultaneously extracting the cor- 
rosion-triggering chloride. With this process the original 
protective effect of the concrete can be restored. The 
experience and success of the now concluding program 
have, in Dechema’s opinion, shown how impo: ant 
long-term, continuous support in the field of corrosion 
research is. The emergence of new technologies contin- 
uously makes new demands on corrosion protection, it 
was further said. For example, completely new concepts 
and methods of study are necessary for microtechnology, 
because corrosion rates on the order of microns a year 
are not tolerable, while in classic equipment engineering 
materials with such rates are classed as “stable.” 


The importance of microbiologically induced corrosion 
as a cause of damage has only really been recognized in 
the last few years. In this field as well, interdisciplinary 
cooperation between microbiologists and materials and 
corrosion experts and other disciplines must be strength- 
ened in the future. 
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Germany: Renewable Ceramic Gas Filter 


94WS0134C Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 25 Nov 93 p 8 


[Article by JB: “Hot Gas Filter Increases Effect”) 


[Text] Frankfurt—The Center for Heterogeneous Anal- 
ysis, reg. assn. (Rudower Chaussee 5, 12489 Berlin) has 
developed a hot gas filter to be used for desulfurization 
of coal gas. The filter can be used in future combination 
power plants. It consists of a ceramic filter coated with 
zinc oxide on a foundation of polyurethane sponges. 


In order to produce the filter, the synthetic sponges are 
soaked in a clay suspension and fired at temperatures of up 
to 1,200 degrees Celsius. In so doing the synthetic burns up 
completely and leaves behind a ceramic matrix with a 
structure similar to the sponge. The ceramic is then dipped 
in a zinc-oxide-clay suspension and again fired. 


In this way an active zinc-oxide coating is formed, which 
is responsible for the desulfurization process. The thick- 
ness of the layer is between 40 and 400 microns. The 
hydrogen sulfide in the coal gas reacts with the zinc oxide 
to form zinc sulfide and water. 


The filter can be used with a gas temperature of up to 
1,000 degrees Celsius. At higher temperatures the pore 
structure is destroyed. The thicker the zinc-oxide coating 
of the filter and the pressure of the coal gas, the greater is 
also the conversion rate of the hydrogen sulfide. During 
the conversion process, the pore volume of the filter 
decreases. 


In so doing, carbon deposits and small zinc sulfide balls 
form in the filter matrix. After it has done its job, the 
filter can be regenerated by adding air. In the exothermal 
regenera‘ion reactions the deposited carbon is burned 
and the zinc sulfide converted to zinc sulfate. The latter 
again decomposes at higher temperatures into zinc oxide 
and sulfur trioxide. 


During the regeneration, the temperatures in the filter 
increase more the more carbon and zinc sulfide it contains. 
Since during this process it is possible to reach local 
temperatures of more than 1,000 degrees Celsius, the filter 
should be monitored and regenerated gently. It works best 
at a desulfurization temperature of 560 degrees Celsius 
and a pressure of between one and 19 bar. 


Conventional gas purification in a wet-chemical process 
normally takes place at temperatures up to 175 degrees 
Celsius. But the higher the temperature of the coal gas 
can be for the cleaning, the greater is the overall effect of 
the combined power plant. Hot gas purification at tem- 
peratures above 300 degrees generally results in an 
increase in efficiency of up to four percent. 
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Germany: Hoechst AG Hopes to Market 
Fullerenes Commercially 


94WS0167C Frankfurt/Main fFRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 16 Dec 93 p 8 


[Article by Arno Noeldechen: “Hoechst AG Is Gambling 
on Process Engineering and Chemical Research Projects 
With Fullerenes; Hopes for a Future Market, but Up to 
Now Still No Commercial Applications Feasible, Coop- 
eration With University Research Laboratories” } 


[Text] Frankfurt—According to Utz-Hellmuth Felcht, a 
member of the board of directors of Hoechst, Inc., who is 
in charge of research, economic successes, or even 
breaking even on costs, is not the goal of the company’s 
current activities in this field of research. But now, in a 
generally poor economic situation, the chemical com- 
pany is making an effort to learn to understand a very 
promising, potential material of the future in terms of its 
reactions and to keep in mind applications of it that will 
prove interesting for the company in the long run. 


The company at present produces worldwide fullerene 
C-60 and C-70 in lots of several kilograms for many 
universities and industrial research laboratories. In so 
doing, the process that Wolfgang Kraetschmer and 
Donald R. Huffman developed in 1990, with graphite 
electrodes in an arc light, is used. 


The company generally asks for 2 “cost contribution” for 
very pure fulierene (99.4 percent pure) of $135 per gram; 
the contribution for larger quantities is negotiated or 
they are given away if a financially badly off university 
laboratory decides to collaborate with the company. The 
current production of fullerenes is certainly not yet a 
cost-effective business. In this way, Hoechst wants to 
ensure the later commercial evaluation of the possibly 
useful results of its research. Twenty university teams are 
at present collaborating with Hoechst in Germany, as the 
company recently let us know. 


Comparable collaboration between universities and 
industry is rare in this country. But chemists do not find 
it so difficult, since they themselves are scarcely in a 
position to make use of their inventions and discoveries 
under their own controi. The chemical company had no 
difficulty in incorporating test lot production into its 
Knappsack plant as early as in 1992 with a converted 
plasma unit. Since then, it has developed an improved 
separation process that should be ready for patenting, 
the capacity of which in continuous operation is close to 
the limit of the currently required amounts of fullerene. 


Fullerenes are completely new materials with properties 
that neitler graphite nor diamonds, as pure modifica- 
tions of carbon, exhibit. Moreover, the ball-shaped 
fullerene molecules are extremely stable from the kinetic 
point of view, but then again very unstable in thermo- 
dynamic terms. And because of their thermodynamic 
behavior, they can be readily transformed into new kinds 
of compounds. 
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As explained by Swiss Prof. Francois Diederich of the 
Swiss Technical College in Zurich, because of their hollow, 
ball-shaped structure, fullerenes can be modified in four 
different ways, all of which they have already been able to 
verify with experiments. In the process, the inclusion of 
molecules in the cavity itself did not prove to be very 
effective since they are hardly ever released again 


The cage-like structure on the existing double bonds of 
the carbon atoms can be forced open and then many 
other molecules can be incorporated into and added onto 
it. Individual carbon atoms can also be successfully 
replaced with other atoms, boron, for example. As a 
fourth possibility, new atoms can be packed in between 
the cavities of the fullerene balls, which are only a few 
nanometers in size, and new kinds of crystalline com- 
pounds obtained. Scientists are today already speaking 
of a “fullerene chemistry,” with which dozens of possible 
applications are heralded in at least the fields of elec- 
tronics, chemistry itself, and new materials. 


Because of their physical properties, chemically altered 
fullerenes can lead to new kinds of semiconductors in 
molecular or nanoelectronics. Because of their electrical 
and nonlinear optical properties, photoconductors and 
utilization of their optical-electrical behavior are con- 
ceivable. Fullerenes are genuine electron conductors 
that, unlike other organic molecules, transmit charges 
via defective electrons, so-called electron holes. That 1s 
why they are regarded as electrolyte and electrode mate- 
rials for iightweight accumulators and batteries. Light 
activates fullerenes and the electron conduction leads to 
a useful electrolurninescence. They are also studying 
their superconducting properties. But the results of this 
research are not yet far enough advanced to arouse hopes 
for a new class of high-temperature superconductors. 


In the field of chemisty fullerenes can be readily altered to 
become catalysts. Because of their molecular size, which is 
equivalent to that of anthracene molecules and is in the 
nanometer range, luminous new colors for printing or 
photocopying technology are especially conceivable. 


Up to now several pharmacological effects of fullerenes 
have been noted. With attached active groups, they can 
also be used for new medicines on the molecular biolog- 
ical scale or only as carrier molecules for radio isotopes 
or other active substances. 


Encapsulated, in the form of so-called nanocapsules, 
they appear to be less well-suited to this because their 
molecular structure is probably too stable, which is why 
the encapsulated active substances are hardly released 
again. But precisely because of this, they are well-suited 
to the production of new kinds of contrast agents for 
X-ray diagnosis or tomographic display procedures. 
Antiviral and antibacterial action, which can, morever, 
be controlled by light induction, opens up new ways of 
creating antibiotics. Fullerenes or their crystal com- 
pounds, fullerides, with metals or other elements, will 
probably not appear on the market so quickly as new 
kinds of active substances since they would have to be 
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produced cheaply in large quantities for that purpose. 
And that has not yet become apparent for the moment. 


Some of the application possibilities fall within 
Hoechst’s own production categories and will possibly 
open up new fields of operation for the company, in 
pharmaceuticals or antibiotics. Hoechst, which with 
sales volumes of more than DM8 million (first half of 
1993: DM4.523 million) occupies a leading position in 
the world market for pharmaceuticals, is on the lookout 
for new pharmacological substances. 


To be sure, Hoechst today already supplies high- 
temperature superconductors for research and industry 
but, if it is demonstrated that fullerenes can be produced 
more cheaply and can retain their superconducting state 
under the influence of magnetic fields as well—as scien- 
tists think they will on the basis of the initial experi- 
ments—market opportunities clearly exist in this field. 


Because of the wealth of possible applications, it is still 
too early to determine which fullerene compounds they 
will actually be able to market as well in 10 or more years 
time. But the company does have good prospects of 
becoming a leading supplier. 


AEROSPACE 


France: Matra Marconi Uses Concurrent 
Engineering 

BR0612120093 Zellik BELGIAN BUSINESS ET 
INDUSTRIE in French Oct 93 pp 28-30 


[Article by Jean-Francois Bister: “Matra Marconi 
Space—Engineering Revisited”’] 


[Text] In June 1990, Matra Marconi Space’s Engineering 
Division embarked on a concurrent engineering 
project—a challenge encompassing technical, informa- 
tion technology, and hurnan factors. 


Designing a satellite means integrating the know-how 
from many disciplines: Computer-aided design [CAD]; 
mechanical, thermal, acoustic, and electrical engi- 
neering; electronics; impact propagation; propulsion; 
space and flight environments; payload.... All specialists 
from these disciplines must work as one if the satellite is 
to be successfully developed and launched. Until 
recently, however, such specialists have tended to act 
sequentially rather than concurrently: “The design 
department and the engineering department have always 
worked quite independently from each other,” explains 
project manager J.C. Amieux. Potential configurations 
are developed by the design department, while the engi- 
neering services study their compatibility, first with the 
launcher, then with the space environment. 


Development of the satellite then proceeds with the project 
being shuttled back and forth between the design depart- 
ment, which designs systems, and the engineering depart- 
ment, which throws light on a number of design weak- 
nesses; the design department makes corrections, the 
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engineering department runs its computational codes once 
more, and so it goes until the configuration meets the 
mission’s requirements. Thus the problem is both simple 
and complex: While such an iterative process is obviously 
very time-consuming, unifying the two worlds of CAD and 
engineering is a real challenge with respect to technical, 
information-technology, and human aspects. 


Technological Challenge 


First of all, for the various participants to act concur- 
rently, they must speak the same language. However, the 
design department and the scientific disciplines in 
charge of the various calculations do not share the same 
representation of reality: CAD specialists work on com- 
plete models very similar to the real thing, while engi- 
neers use idealized structures. 


J.C. Amieux: “In fact, this is a problem of multirepre- 
sentation. There are two ways around it. We can either 
start with the CAD model and simplify and abstract it in 
order to build an x-number of models corresponding to 
an x-number of scientific disciplines. Or we can begin 
with simple structures used in engineering, and then 
flesh out the model: Why construct a complex CAD 
model when the various groups have not come up with a 
final configuration yet?” 


While the second solution may appear preferable, it creates 
another problem: All projects soon need to be expressed 
through an artist’s view, a realistic rendering whose pur- 
pose is the management of interfaces between satellite and 
launcher, between boxes and support plates, between 
antennas and payload plates.... Not to mention interfaces 
with the outside world: between Matra Marconi Space 
[MMS] and its customers, between MMS and its subcon- 
tractors.... It must also be possible to consult with the latter 
at any time during the project. However, the multirepre- 
sentation problem is not as critical as in other fields: 
No-one would dream of developing a consumer product 
without knowing very early on what it will look like. So 
there is no single solution: “No matter which way is 
chosen, each discipline is going to stick to its own mode- 
l...and our task will be to manage those models, and to 
make sure they can actually communicate,” J.C. Amieux 
explains. 


Information Technology Challenge 


MMsS'’s first goal was to consolidate the computer envi- 
ronment so that all models could communicate. 
“Rewriting all programs, thousands of lines of code, 
would be neither realistic nor useful,” says J.C. Amieux. 
“‘We had to come up with other solutions: direct connec- 
tion with data structures or the use of communication 
standards.” The first approach is only conceivable if 
there is access to the data structure, which is easier said 
than done.... Furthermore, this does not necessarily solve 
problems arising as part of relations with the various 
partners: One can hardly compel them to use a given 
software package.... 
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The alternate route is that of data exchange standards. 
While it may appear an easier one, it has its own set of 
problems. Some highly specialized fields have almost no 
standards. As for those standards that do exist, they are not 
always “standard”: Some designers use their own substan- 
dards...which make transferring data from one software 
package to another highly perilous! Unless, again, one is in 
touch with the designers of the software. The ideal solution 
would be an opening and a standardization of packages as 
wide as possible: “Exchange standards are sheer hell...but 
since we are not locked in one place, anything goes,”’ says 
Matra Datavision Marketing and Communications 
Director Jean-Yves Guinemer, who also supplies MMS 
with packages such as Euclid. 


For the time being, since there is no simple solution, MMS 
has chosen one that is a compromise. Close links with 
Matra Datavision have led to an interconnection of the 
tools used by the design department and the engineering 
department, the tools having been made compatible with 
the ESABASE European satellite modeling language. The 
result is Systema, a computerized system which consists in 
a number of integrated and interconnected tools and 
makes it possible for specialists belonging to different 
disciplines to talk to one another. “However, this is not a 
centralized system which a single operator could use to 
‘design’ a satellite: All we did was to interconnect the 
various departments in order to let them work together on 
the same project,” explains J.C. Amieux. This tool drasti- 
cally reduces a satellite’s design time: Over a 10-year 
period, MMS has cut this time by half, with spacecraft 
becoming increasingly complex. ‘““What remains to be done 
now is to interconnect the three integrated sets we have 
created: the tools the satellite will use to respond to its 
environment, structure-oriented computational tools, and 
CAD tools,” says J.C. Amieux. 


This is one of the subsequent phases on the road to 
concurrent engineering: integration, from the design 
stage, of all elements of a satellite’s lifecycle. 


Human Challenge 


So concurrent engineering is based on methodology and 
tools. But there is more: “In this concurrent engineering 
project, we started with the tools—if there are no tools, 
people do not begin to change their methodology. But 
because they have the tools does not guarantee they will 
change methodologies!”” Thus, as always, convincing 
people to change their ways takes a lot of work. MMS has 
a powerful argument, however: “A critical review of the 
way people work never fails to show that they increas- 
ingly refuse repetitive and costly work. Transcribing a 
model from one standard into another is hardly produc- 
tive...,” explains J.C. Amieux. However, one basic prin- 
ciple must be kept in mind: “All this work must not be 
visible to the end-user, who must only think: I could not 
do this before, and now it is both possible and more 
efficient....” Let us take a project group as an example: 
Experts of the various disciplines used to meet in the 
flesh, with all their paraphernalia of pens and papers. 
Now, they can work together via the large screen of a 
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workstation: They will have access to the project's his- 
tory and to all calculations already performed; they will 
be able to make changes and see very quickly their 
impact on the various disciplines.... 


In other words, it is possible to work concurrently and in 
parallel on several disciplines. Moreover, much better use 
of the results of other projects can be expected: Cross- 
fertilization, which currently takes place only within the 
various departments, should now be possible at the upper 
level also. “A wholly new concept of engineering is 
emerging. This was made possible by, among other things, 
networking and ever-cheaper and more powerful worksta- 
tions. This new approach is essential if productivity, 
quality, and prices are to be improved. Especially in an 
industry which is characterized by fierce international 
competition,” Jean- Claude Amieux concludes. 


Engineering Workshop 


The concept of “framework’’—single development envi- 
ronment or engineering workshop—is a difficult one. 
“This is an information technology notion, an essential 
one for the development of concurrent engineering. 
However, there is currently no consensus as to what a 
single development environment really is,” says J.C. 
Amieux. Conventional CAD/CAM software packages 
generally offer a single work environment, albeit...a 
proprietary one: Developing a special module entails 
calling on the package’s developers. The problen\? Engi- 
neers want to make such tools their own.... “We devel- 
oped our concept around Matra Datavision’s Euclid 
software, among others. But we now realize that this was 
not the best approach to total integration. So we talked 
with Matra Datavision and this led to a completely 
reversed proposition: the Cascade software package. 


This product is an answer to single development environ- 
ment concerns: It is a software system, a tool kit through 
which engineers will be able to access all the tools required 
in a concurrent engineering environment,“ J.C. Amieux 
says. In fact, the conditions have been entirely reversed: It 
is no longer a software package that is being supplied, but 
the tools necessary to put together the appropriate system. 
”Cascade also represents a substantial technological leap. 
It cannot be implemented all at once; therefore, we are 
going to integrate Cascade into the existing tool, little by 
little,“ J.C. Amieux explains. 


MMS in Toulouse 


Matra Marconi Space (MMS) was born of the 1990 
merger between Matra’s Space Division and British 
conglomerate GEC Marconi. As a result of the merger, 
MMS became Europe’s first space-oriented integrated 
company. MMS’ Toulouse center specializes in satellite 
engineering and integration: In addition to the actual 
platforms, its engineers design everything upstream and 
downstream, including instruments, on-board systems, 
control centers, and ground facilities. This expertise is 
put to use in several space-related domains. First, Earth 
observation satellites: Meteosat | through 6, SPOT-1 
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through -4, Helios...up to and including the future polar 
platform Columbus. These are instrument-carrying sat- 
ellites. The basic module is reusable; only the on-board 
instruments are changed: from two cameras for SPOT-1, 
to six or even 20 on the future Columbus platform. 


Here, the central idea is to design and build elements 
that can be used in various configurations. Concurrent 
engineering should make this much simpler. 


Second, telecommunications satellites. While Earth 
observation satellites follow a quasi-polar heliosynchro- 
nous orbit at an altitude of 800 kilometers, telecommu- 
nications satellites are on a geostationary orbit at 36,000 
kilometers. Hence, very different environments and 
therefore specific technologies and system constraints. 


The third field of activity, scientific satellites, is a highly 
specialized business; however, costs remain moderate: 
“These are one-of-a-kind platforms,” says Jean-Claude 
Amieux. For instance, Hyparcos, the “star surveyor,” 
beams back results with an accuracy of 2 milliseconds of 
arc. 


Then there are strategic satellites, a field where circum- 
spection is of the essence. However, as with scientific 
satellites, this is a field where second-best is not an 
acceptable proposition. 


The last domain relates to manned spacecraft, with one 
specialty: on-board data processing. While MMS has 
been a participant in such projects from the very begin- 
ning, the current sundry vacillations on the subject do 
nothing to comfort the company’s belief in the future of 
these activities. 


France, CIS: Joint Scramjet Engine Research 
Described 


BRO0212101393 Paris LARMEMENT in French 
Jul-Aug 93 pp 84-88 


[Article by Francois Falempin of the “Hypersonic Vehi- 
cles” Unit, chief of the PREPHA program of the 
National Office for Aerospace Studies and Research 
(ONERA): “Toward a Super-Ramjet: Cooperation With 
the Moscow Central Institute of Aircraft Engines”’] 


[Text] Since the spring of 1992, the ONERA [National 
Office for Aerospace Studies and Research] and its 
industrial partners Aerospatiale, Dassault Aviation, SEP 
{European Propulsion Company], and SNECMA 
[National Company for the Study and Construction of 
Aircraft Engines] have been involved in a series of 
cooperation activities with several research and study 
centers in the CIS [Commonwealth of Independent 
States] on the subject of the super-ramjet and associated 
technologies. This strategy is part of the wider national 
PREPHA (Research and Technology Program for 
Advanced Hypersonic Propulsion) program. 


This means that close relations are being maintained 
with such prestigious institutes as the MAI [Moscow 
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Aviation Institute] or the institutes of the Siberian 
branch of the Novosibirsk Academy of Sciences (Insti- 
tute of Theoretical and Applied Mechanics, Thermo- 
physics Institute, and others). In this context and with 
the support of the DRET [Research, Studies, and Tech- 
nologies Directorate of the Ministry of Defense], the 
ONERA has been able to develop a particularly fruitful 
cooperation with the CIAM [Central Institute of Aircraft 
Engines Moscow], whose activities are located on two 
sites: In Moscow, where most of the theoretical and 
laboratory work is done, and in Turayevo (50 kms from 
Moscow), where the institute has an impressive complex 
of industrial testing facilities. 


Under the leadership of its present director Donat Ogor- 
odnikov, the CIAM, which is specializing in the study 
and development of aeronautical engines, devotes a 
substantial amount of its activity to the study of the 
super-ramjet, and in particular the hydrogen-powered 
scramjet. Existing cooperation focuses on two main 
areas: 


—the development of computation codes in aerother- 
mics and in aerothermochemistry; 


—the in-flight experimentation of an axisymmetrical 
scramjet. 


High-Performance Digital Diagrams 


Concerning the development of computation codes, the 
CIAM is suggesting digital diagrams derived from that of 
Godunov and which are particularly economical in 
terms of computation time. Areas of joint activity 
include a comparative evaluation, based on the compu- 
tation of a series of test cases, of the CIAM diagrams and 
those used at the ONERA. When this evaluation is 
finished, Russian specialists will come to France to help 
their French colleagues embed CIAM digital diagrams in 
some of their codes, notably those dealing with super- 
sonic aerothermochemistry. 


Other than the initial work of selecting and embedding 
the most appropriate digital diagrams, ongoing research 
will be continued within the scope of the PREPHA 
program aimed at defining and validating the models 
which best represent the physical phenomena governing 
aerothermics and aerothermochemistry of the scramjet. 
The CIAM and certain Novosibirsk-based institutes will 
be able to contribute their experiences and their data- 
bases in this field, but ways of cooperation on this issue 
remain to be decided. 


Although the development of computation codes is a 
very promising area of cooperation in the medium and 
long term, in-flight testing of a scramjet is, in the short 
time, the most beneficial. 


First Test Inconclusive 


In November 1991, the CIAM conducted an initial 
in-flight test of a hydrogen axisymmetrical scramjet. A 
stabilized supersonic combustion phase could not be 
reached during this test because the carrier rocket’s 
trajectory control was insufficient and the hydrogen flow 
control was set too close to the limits for unpriming 
[desamorcage]. As a result, the engine operated only a 
few, very short moments in supersonic mode. 
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During the summer of 1992, ONERA’s financial contri- 
bution, thanks to support by DRET, enabled the CIAM 
to start up preparations again for a second experiment, 
which had been interrupted for lack of funding. 


A second in-flight test was carried out on 17 November 
1992 from a military base located between Priozersk and 
Baykonur in Kazakhstan. Kazakhstan government offi- 
cials and scientists attended the testing alongside French 
and Russian scientists. 


Second Jointly French-Russian Test 


The design of the axisymmetric super-ramjet tested by 
the CIAM resembles that of the ESOPE engine tested on 
the ground by the ONERA at the beginning of the 
seventies in the S4MA wind tunnel at its Modane 
Avrieux center in the French Savoy region. The 
hydrogen combustion, which ignites as soon as the 
engine reaches Mach 3.5, takes place initially in subsonic 
mode because of an injection of hydrogen in the zone 
upstream of the combustion chamber. When the Mach 
number goes beyond five, the injection is distributed 
between the upstream and downstream zones of the 
combustion chamber to stabilize combustion in super- 
sonic mode. 


This engine and its control system were developed by the 
CIAM on a special small-sized test bench in its Turayevo 
center. The mechanical design and manufacture were 
subsequently handed over to the Soyuz development 
division located near this center. 


The engine does not fly autonomously. The combined 
engine/control system/tank module is tandem- 
mounted on a rocket, derived from a ground-to-air 
missile, which ensures its acceleration to up to Mach 
5.5. This rocket was modified by the Fakel engineering 
and design office which perfected the control system in 
such a way as to ensure a trajectory which is suffi- 
ciently close to the nominal trajectory enabling the 
super-ramjet to perform well. 


The rules controlling the hydrogen flow injected into the 
upstream and downstream zones of the combustion 
chamber are based on controlling the priming of the 
combustion throat [veine de combustion] (supersonic 
flow in the whole chamber). These rules were modified 
for the second flight test to improve the available 
unpriming margin and to enable the engine withstand a 
possible incidence intake during the supersonic combus- 
tion phase. 


Encouraging Results 


The trajectory executed by the rocket during the second 
experiment was much nearer to the nominal trajectory 
than in 1991. A tank pressurization problem limited the 
flow of hydrogen injected, independently of any regula- 
tion, as soon as the engine’s regenerative cooling system 
started working at full capacity. However, supersonic 
combustion could be stabilized for about 15 seconds. 
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Because the engine remains connected to the carrier 
rocket, it is impossible to obtain a direct measure of the 
thrust. However, the wide use of pressure and temper- 
ature gauges along the length of the engine should 
enable the fluid dynamics into the engine to be under- 
stood better and therefore to facilitate the comprehen- 
sion of physical phenomena governing the perfor- 
mance of the super-ramjet. In addition, this will also 
lead to establishing test cases in real, well-documented 
flight conditions for the development and validation of 
computation codes. 


An Operation To Be Continued... 


Although this second experiment was relatively suc- 
cessful with the stabilization of combustion in super- 
sonic mode during a significant length of time, it should 
be noted that because of the lack of hydrogen flow this 
operation was far from nearing the unpriming limits, 
therefore at a weak thrust. They were also unable to 
check the efficiency of the hydrogen flow control system, 
whose technology is somewhat old-fashioned, in regu- 
lating the hydrogen flow to avoid unpriming of the 
combustion throat. 


Continuing the operation should initially allow the tank 
pressurization problem to be solved, thus avoiding the 
engine’s operation at nominal capacity and allowing its 
in-flight control. Next, the engine should be equipped 
with more finely-tuned instruments, possibly based on 
Western technology, and the carrier rocket should be 
developed to enable a maximum Mach flight number to 
be reached. This should allow us to improve our knowl- 
edge of the super-ramjet and the quality of the validation 
of computation codes. 


Not Just a First Step 


It is clear tha. the super-ramjet of the axisymmetrical 
type is not t!e best propulsion technology for a hyper- 
sonic vehicle. Indeed, the expanse of wet surfaces, and 
therefore losses through friction and heat exchange, 
slightly limits the maximum thrust level. In addition, it 
is difficult to combine the highly integrated propulsion 
system needed on hypersonic vehicles with the circular 
section of each engine module. The current operation, 
which benefits from the advances being made at the 
CIAM, should therefore be considered as an initial phase 
making it possible to: 


—acquire expertise in the development and experimen- 
tation of a scramjet; 


—set up a database for the validation of computation 
codes. 


The PREPHA program, although it involves the study of 
large two-dimensional super-ramjets (chamber entrance 
section: one square meter under study, five square deci- 
meters in ground testing, to be compared with one 
square decimeter for the CIAM engine) will be the first to 
benefit from this cooperation. 
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It is above all in the longer term that the evaluation of 
the working methods and skills of the CIAM in the field 
of design and testing the super-ramjet will optimize 
conditions for a cooperation program which aims to 
experiment the autonomous flight of a super-ramjet 
whose design is closer to future needs and future appli- 
cations of hypersonic air-breathing propulsion. 


The Scramjet 


The ramjet benefits from natural recompression linked 
to a slowing down in air intake flow rate. For Mach 
numbers under six, it can be interesting to slow the flow 
down to subsonic level to ensure the best combustion 
rate without thrust levels being strained by too weak 
pressure recuperation levels in the air intake. Beyond 
this limit (about Mach 6), recompression to subsonic 
flow causes precombustion pressure and temperature 
losses which do not allow enough energy to be added to 
the flow and to transform it into thrust through a sonic 
nozzle. It is therefore preferable to limit recompression 
to a moderately supersonic Mach number (2 to 4) on 
condition that the techniques to stablize supersonic 
combustion flow are functioning. This is scramjet mode. 


Studies carried out over the past few years on the subject 
of partially air-breathing propulsion systems for space 
launchers have led French teams to estimate that lim- 
iting the air-breathing phase to the Mach-O to Mach-6 
level will not improve the overall performance in terms 
of net mass in orbit in relation to full rocket propulsion: 
“*Air-breating technology, which is heavier, does not pay 
its way.” To develop this field, a scramjet is required 
capable of reaching Mach numbers over 10 and, which is 
more likely, close to 12. Although subsonic combustion 
ramjet technology is relatively well mastered in France 
thanks to a number of exploratory developments and to 
the development of the ASMP and the (incomplete) ANS 
[supersonic antiship missile], some research into super- 
ramjets has been conducted during the sixties and sev- 
enties (ESOPE: tests at Mach 6 under forced control 
[conduite forcee]). This is why PREPHA’s main objec- 
tive is to improve our knowledge and our tools for the 
design of the super-ramjet, a potential solution for 
entirely recoverable and reusable launchers in the future. 


European Affairs: ESA Space Research Must 
Continue Despite Reduced Funds 


MI0112135093 Bonn DIE WELT in German 
11 Nov 93 p 9 


[Article by Anatol Johansen: “Flying High Without 
Much Money—Europe’s Astronauts Will Go Into Space 
in a Capsule on Board the Ariane Rocket] 


[Text] Europe is running out of money in space. The 
European research ministers agreed last year that the 13 
member states of the European Space Agency (ESA) were 
to spend about 40 billion German marks [DM] on space 
up to the year 2000. The talk later was of DM35 billion, 
but even this sum can no longer be scraped together. In 


JPRS-EST-94-004 
4 February 1994 


particular Germany, which has paid an annual contribu- 
tion of DM 1.2 billion to ESA to date, and Italy wants a 
further cut in their dues. 


The European space planners thus find themselves forced 
to change course: The Hermes manned space transporter, 
which has already cost over DM1.75 billion to develop, 
has been officially struck off the ESA program. 


The “Proposal for a New ESA Strategy” that has now 
been submitted to the ESA member states in Paris 
recommends a manned capsule by the name of the “crew 
transfer vehicle” (CTV). The CTV will be able to convey 
at least four astronauts into space and cost “only” 
DM2.5 billion. The investment required for Hermes is 
put at DM12 to 15 billion. 


The capsule will be borne into space on the new Euro- 
pean launch rocket, Ariane-5, which is scheduled to enter 
service in 1995. The planned space vehicle could provide 
transport to and from an international space station and 
would render Europe independent in manned space 
flight, even without Hermes. 


The new proposal that ESA has put to its member states 
also envisages a further reduction, to only six meters, in 
the length of the manned Columbus cabin, which is 
designed to form part of an international space station. 
The module would thus not only be cheaper, but would 
weigh in at about 10 tonnes: Light enough for launch on 
the Ariane-5 rather than the American space transporter, 
as previously envisaged. 


As late as the November 1992 meeting held in Granada, 
expenditure amounting to about DMS billion had been 
sanctioned for the Columbus module over the 1994- 
2000 period. The foreshortened model is now expected 
to be almost DM1.5 billion cheaper. ESA also intends to 
design the Columbus module in such a way that, should 
the need arise, it could serve as the basis for a small ESA 
space station. 


Last but not least, a space tug will also be built to carry 
manned space vehicles and other payloads from low 
orbit to the space station. 


The ESA Council is due to meet in Paris on 14 December 
to discuss the new European space program. 


Italy: Research Minister To Decide on X-Ray 
Astronomy Satellite 


M12611164693 Rome SPAZIO INFORMAZIONI 
in Italian 20 Oct 93 p 2 


[Text] According to news obtained by SPAZIO INFOR- 
MAZION! from a reliable source, the decision by Uni- 
versity Education and Research Minister Prof. Umberto 
Colombo on whether to complete or abandon the pro- 
gram for the development of the Italian scientific satel- 
lite SAX (X-Ray Astronomy Satellite) should be given in 
the coming days or at most in the coming weeks. After 
the much-publicized controversies that emerged within 
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the ASI [Italian Space Agency] on the scientific value 
and costs of the mission (also involving former ASI 
Scientific Committee Chairman Prof. Remo Ruffini and 
the Board of Directors at that time chaired by Prof. 
Luciano Guerriero), Minister Colombo had foreseen the 
possibility of freezing the SAX program, assigned by the 
ASI to Alenia Spazio. In an interview given to a Milanese 
daily newspaper last summer, Colombo declared: “I 
have found there is extreme interest in the project. We 
must consider the 320 billion lire already spent and 
decide whether to conclude rapidly to guarantee the 
effectiveness of the research to be performed for a 
further five to six years, or whether it would be advisable 
to stop now. However there are international commit- 
ments which must not be forgotten.” The SAX program, 
costing a total of approximately 700 billion lire (includ- 
ing 418 billion lire for building the satellite), also 
includes the scientific and industrial participation of the 
Netherlands through the NIVR (Dutch Institute for 
Aircraft Development and Aeronautics). 


The structural and thermal mockup of the satellite is 
currently undergoing vibration, thermal vacuum, and 
sound tests at the European Space Agency (ESA) ESTEC 
[European Space Research and Technology Center] in 
Noordwijk (the Netherlands), while the engineering 
model is being subjected to a series of tests at the Alenia 
Spazio plant in Turin. “Up to 90 percent of the contract 
has already been spent on building the satellite,” say the 
Italian engineers, “and all the hardware is now ready. 
The assembly of the satellite flight units will start in early 
1994. We are making normal progress and our view is 
that the project is gaining increasing scientific impor- 
tance.” According to recent forecasts—and if Minister 
Colombo does not decide otherwise at the last minute— 
the SAX satellite should be launched into orbit at the end 
of 1995 by an American launcher, Atlas. The current 
plans of the ASI foresee the building of an earth station 
in Singapore for receiving astronomical data collected by 
SAX and for retransmission to Italy. 


Spain: ESA Deploys Telescope for Satellite Laser 
Signals 


BR1612152493 Paris ESA INFORMATION NOTE 
in English 22 Nov 93 pp 1-2 


{[Unattributed article: “Communications by Lasers in 
Space: ‘Roll-out’ of a Telescope To Receive Laser Signals 
From ESA’s ARTEMIS Satellite’’} 


[Text] ESA [European Space Agency] is pushing ahead 
with very advanced technology to transmit data directly 
from one satellite to another. Fibre optics is a well- 
established technology on the ground, but ESA is now 
developing space optical communications using lasers. 
The first ever demonstration of such a link will take 
place in 1997. 


The deployment of a one-metre telescope on Tenerife 
Canary Islands, to receive laser signals from satellites is 
part of this effort. The telescope, financed by the 
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German Space Agency DARA, was built by Carl Zeiss 
Jena and was presented for the first time to the public on 
23 November 1993. 


Following comprehensive testing in Germany, the Zeiss 
telescope will be installed on Tenerife in the second half 
of 1995, awaiting the launch of ESA’s telecommunica- 
tions satellite ARTEMIS [Advanced Relay and Tech- 
nology Mission] at the end of 1996 and the comprehen- 
sive tests with its SILEX [Semi-Conductor Laser 
Intersatellite Link Experiment] laser-optical payload. 


ARTEMIS is an advanced satellite for testing and oper- 
ating new telecommunications techniques and will also 
help to introduce several other new services. The SILEX 
optical terminal carried by ARTEMIS will enable it to 
exchange data with other satellites or with ground sta- 
tions, by sending or receiving a laser beam. 


The Tenerife site chosen for the deployment of the tele- 
scope is at 2,500 metres altitude. Observations are almost 
entirely undisturbed by stray light and the site is particv- 
larly well suited to simulating and testing laser optical 
communications with a satellite in geostationary orbit. 


The first satellite to make use of ARTEMIS laser com- 
munications capabilities will be the French SPOT-4 
Earth observation satellite to be launched in early 1997. 
From its low-Earth orbit some 700 km above the ground, 
SPOT-4 cannot send its image data to any one ground 
station for more than ten minutes. Data sent to ground 
stations overseas often have to be transported over long 
distances for processing and distribution to users. 


Thanks to SILEX, an uninterrupted link between SPOT-4 
and its operations centre in Toulouse, France, will be 
possible whenever the satellite is in sight of ARTEMIS on 
its geostationary orbit 36,000 km above Europe; in prac- 
tice, SPOT-4 will therefore be able to observe more than 
half of the Earth’s land masses viaan ARTEMIS data-relay 
link. The data rate of SILEX is 50 Mbit per second. 


SILEX is being developed in close cooperation between 
ESA and CNES [Frerich National Center for Space 
Studies]. The manufacture of the optical terminals to be 
installed on the spacecraft has been entrusted to a 
consortium of European companies led by Matra- 
Marconi-Space. 


European Affairs: Europe Lags Behind U.S. in 
Biotechnology 


BR2312084993 London INTERFACE EUROPE 
in English Nov 93 


[Unattributed article: “EC Biotechnology Policy”’] 


[Text] It is generally agreed that biotechnology is a vital 
key to future industrial competitiveness and strength, 
but the EC Commission is concerned that Europe is 
lagging badly behind the United States in this very 
important field. 
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This was the major point made by the Commission 
speaker at a well attended IETT [Institute of European 
Trade and Technology] conference on the subject in 
London on November 9th. The speaker was Dr. Maurice 
Lex, who, before moving to the CEC’s [Commission of 
the European Community] Biotechnology Unit in Brus- 
sels, was Acting Director of SERC’s [Science and Engi- 
neering Research Council] Biotechnology Directorate. 
He went on to list what the Commission sees as Europe’s 
chief weaknesses in the area. These are: 


—Lack of consensus on the scientific objectives to be 
aimed for; 


—The relative isolation of academic research; 


—A complex regulatory system which many find hostile 
to research; 


—Under development of the SME sector; 


—A poor and declining public perception and under- 
standing of biotechnology. (This Dr. Lex identified as 
perhaps the most significant weakness. Even a small 
amount of negative coverage on TV, he said, can have 
a powerful effect on public opinion, even putting 
students off deciding to specialize in the subject). 


It was sad to see European companies moving their 
research activities to the United States where regulations 
are easier, he commented. 


So far, Member States had come together in joint 
projects as part of CEC programmes. More collaboration 
is needed. 


But Europe does have its strengths, too: 


—Biotechnology is given reasonable priority in the 
Member States; 


—There are substantial investments in R&D by large 
companies, mainly chemical, agro-chemical, seed and 
pharmaceutical companies; 


—Collaborative behavior has been stimulated by pre- 
vious EC programmes; 


—There is strong involvement of a large cross-section of 
industry in horizontal activities—CEFIC [European 
Council of Federations of the Chemical Industry], 
SAGB [Senior Advisory Group on Biotechnology], 
National Biotech Associations, Industrial Platforms 
etc.; 


—High expectations from various parts of society for 
various reasons. 


There would be a very significant increase in the funds 
available for supporting biotechnology research in the 
fourth framework programme, Dr. Lex told the confer- 
ence. He also referred to three recent reports issued by 
the industrial R&D committee (IRDAC) of the EC on 
the life sciences programmes—covering in particular 
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biomedical research, and agriculture, biochemical and 
food, with reference to the fourth Framework 
Programme. 


IRDAC calls for more industrial participation in all 
projects, and identifies a number of lateral issues which 
merit special attention including training, productive 
systems, safety regulation, intellectual property and edu- 
cation. Copies of these reports can be obtained from Dr. 
Lex, Fax: Brussels 296-4322. 


As previously reported, there is a third call for proposals 
under the current CEC Biotechnology programme with a 
deadline of 12.1.94. An information pack may be 
obtained from: E. Magnien, DGXII-E/1. Fax: Brussels 
295-5365. 


Netherlands: Fokker Researches Antinoise 
Systems for F-100 


BR2212131393 Rijswijk POLYTECHNISCH 
WEEKBLAD in Dutch 3 Dec 93 p 3 


[Article by Marjolein Roggen: “It Will Not Be Really 
Quiet in the Cabin of the Fokker 100°’] 


[Text] Amsterdam—Passengers sitting at the rear of a 
Fokker 100 will, for the time being, continue to suffer 
from excessive engine roar. Antinoise systems that have 
been tested by Fokker and the TNO [Netherlands Cen- 
tral Institute for Applied Research] Institute of Applied 
Physics (TPD) seem unable to muffle the sound from 
four independent turbines. Worse still, if conditions are 
unfavorable, the noise actually increases. 


Passengers in the F-100 are not bothered by the jet 
engines as they sound on the ground, but by the moving 
parts of the engine. In contrast to the engines of the 
Boeings which dominate the fleet in the Netherlands, the 
engines of the F-100 are mounted at the rear of the 
fuselage. Each engine contains a high-pressure and a 
low-pressure spool, in turn consisting of a compressor 
and a turbine. These spools rotate independently of one 
another and each produces its own sound. This imbal- 
ance means that the passengers seated at the rear of the 
cabin are subjected to a roar of 85 decibels—a good 10 
decibels louder than the noise experienced by their 
fellow passengers at the front of the cabin. 


Low Frequencies 


All Fokker’s attempts to eliminate the engine imbalance 
and to make the engine suspension more flexible using 
insulators have not had the desired effect. Since the 
problem is caused by low frequencies, conventional, 
passive silencers have also failed to reduce the roar. 
Antinoise is a highly promising technology, particularly 
for suppressing low frequencies. In brief, antinoise sys- 
tems consist of a microphone which absorbs noise, a 
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control unit which records and analyzes this noise, and 
then via a loudspeaker emits a sound into the room 
which is of the same amplitude but the opposite phase, 
so that ideally it should generate silence. 


Headphones with antinoise are already commercially 
available, and next year will see the launch of the first 
propeller aircraft with an antinoise system. However, its 
first commercial application in jet engines will not be for 
some time, principally because there are four frequencies 
to be suppressed, rather than just one as in a propeller 
airplane. 


Eliminate 


Fokker’s antinoise efforts started about three years ago, 
with the Asanca European technology program. The aim 
of this project was to determine how many loudspeakers 
and microphones were required, and where they should 
be located, to eliminate a single frequency. By continu- 
ally relocating one loudspeaker, a mathematical model 
could be developed. From this model it could be 
deduced that a reduction of six decibels could be 
achieved using four loudspeakers. Using 30 loud- 
speakers, this figure increased to 16 decibels. “That may 
not be much to people used to industrial noise, but in an 
airplane we are happy with just one decibel,” said E. 
Waterman of Fokker Aircraft, speaking last week at a 
symposium about antinoise systems. 


The results of another project in collaboration with the 
TPD were less encouraging. Four loudspeakers and 
microphones were placed on the rear four rows of seats. 
The measurements showed that this small system was 
not enough to muffle the noise in a restricted area. On 
the contrary, at the edges of the rows of seats, the .otor 
roar was actually eight decibels louder. A larger system 
would be needed to achieve adequate noise muffling, 
even over a small surface area. 


The results of the test using two frequencies were even 
more dramatic. According to Waterman, it did not work 
at all. The closer the frequencies were to each other, the 
less successful the system was in muffling the sound. 
Here, too, the noise actually increased when the frequen- 
cies were virtually synchronous. The problem is that the 
speed of the engine is not known in advance. 


Purely Comfort 


The antinoise system as envisaged by Fokker and the 
TPD is not set to be a success just yet. Waterman 
dismisses ideas for making passengers wear (working) 
headsets or clamping them into a headrest with little 
microphones right beside the ear. She says that noise 
silencing is purely a question of comfort, and that 
passengers will not suffer hearing damage. She is also 
against any system which would prevent passengers from 
talking normally to one another or force them to wear 
headphones. 
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Whatever the case, Fokker is about to begin follow-up 
research which will look at whether it might be more 
effective to suppress the vibrations. 


ESA Meeting Delays Decision on Manned Flights 


BR2101113394 Paris LE FIGARO in French 
20 Jan 94 p 12 


[Jean-Paul Croize report: “Space Europe in Economy 
Class”’] 


[Text] The desire is there, but still no real agreement: 
Despite a marathon meeting that stretched until 2200 
[2100 GMT] at the headquarters of the European Space 
Agency (ESA) in Paris last Tuesday, representatives of 
the agency’s 13 member countries came away without 
concluding a detailed arrangement that would allow 
them to finance Europe’s “manned flight” activities 
until the end of the century. The next meeting, planned 
for the end of the month, may make it possible to remove 
the obstacles that have caused the talks to stall for more 
than a year: The financial allocation of work which 
everyone agrees is necessary if Europe is to keep an 
“honorable” place in the area of human activities in 
orbit at the end of the century. 


“We are confident. Not only did the delegates confirm 
their agreement on what must apparently be carried out, 
but they also defined the global budgets that must be 
allocated in 1994 and 1995,” said ESA spokesmen 
yesterday. They said that following the meeting the ESA 
member countries unanimously confirmed their 
approval of the two “leading” European projects in the 
area of human activities in orbit: The creation of a 
Columbus module that can be docked to the interna- 
tional Russian-American space station and an improved 
space capsule, which would be designed in two versions 
one manned, and the other automatic. 


One point was even presented as “very positive’: The 
potential partners for these two projects agreed on the 
total amount to be earmarked to their implementation 
over the next two years. Following what has been called 
an “act in council,” it was decided to earmark !.9 billion 
French francs [Fr] for that period to the Columbus 
program. This amount, however, not only covers the 
design of a manned module, but also includes the 
financing of Euromir space flights which the ESA is to 
undertake next fall and in 1995 with the Russians on 
board the MIR space station. 


Problem With Rates 


The space capsule program, now called the MSTP, 
should benefit from a budget of Fr1.45 billion intended 
to finance four projects: projects for the two types of 
planned capsules (manned and automatic), as well as 
studies on the robot arm identical to that on the shuttle 
to be built by Europe, and the spacesuit which ESA 
astronauts will need in order to carry out extra-vehicular 
missions. 
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The problem, however, is that these projects remain 
dependent on a display of “willingness:” “Problems with 
the conversion rates of currencies for certain partners 
with respect to the European unit of account have 
prevented the conclusion of an agreement on the propor- 
tion that each party should pay for these programs,” said 
the ESA spokesman. In concrete terms, there has not 
been much of a move away from the decisionmaking 
level reached during the last ministerial summit held in 
Granada in late 1992. Even if the manned flight program 
has been approached in a more modest manner since 
1987, everyone is still agreed on the fact that the ESA 
must have autonomy in this area. However, outside 
France, nobody has proven genuinely interested in 


paying for it. 


The representatives of the ESA member countries 
decided to meet again at the end of the month. Informal 
talks should be held between now and then in an effort to 
try and reach an agreement on the respective shares for 
each party in these two programs. In the event of failure, 
the situation would become serious: “There is no longer 
the possibility of delaying if we want to move forward 
using genuinely coherent information at the next minis- 
terial meeting planned for next year, and especially if we 
want to present in time—i.e., by the end of the century— 
a modern orbital capsule which the Russians and Amer- 
icans would have a real interest in using,” stressed 
industrial circles. 


ESA Microgravity Research Program Described 


BR1901123994 Noordwijk MICROGRAVITY NEWS 
FROM ESA in English Sep 93 pp 2-19 


[Article by G. Seibert: “The EMIR-1 Program - A Basic 
European Microgravity Research Programme’”’] 


[Text] 


1. Background and Objectives 


In June 1992 the ESA Microgravity Programme Board 
adopted a Resolution on the future structure of the 
Programme, which requested that in future the Agency’s 
microgravity activities be split into two distinct finan- 
cially independent elements: 


—A basic European Microgravity Research Programme 
(EMIR); 


—A programme to develop the facilities required for 
microgravity experiments to be carried out in the 
Columbus Attached Laboratory (MFC = Microgravity 
Facilities for Columbus). 


This Programme Board Resolution was approved by the 
Council at Ministerial level on 9/10 November 1992 at 
Granada. 


In May 1993 the Microgravity Programme Board 
approved the transformation of the ongoing extended 
Phase 2 of the ESA Microgravity Programme into the 


JPRS-EST-94-004 
4 February 1994 


EMIR-1! Programme by re-orienting its scientific/ 
technical content towards fundamental research. 


The Subscription Levels of Participating Member States 
to the EMIR-1 Programme 


Scale of Subscriptions of Participating Countries in the 
EMIR-1 Programme 


SUT eccrsensntesnttnncnneeninentintaetaeseniiensnctines 25 percent 
OTE ccensiticrsennscustetantincnatesindiietintectisiatietelanial 0 percent 
MRE ccxtnssenntesionanetdstatnsnienmnennigitiiamiaieas 3.81 percent 
i TEEN eT TE 1.96 percent 
ER a CE, 2 percent 
i  icccniectiscncsatiinitinnabiingianiatntnisibbiie ieee 12 percent 
RR icnicerittenecscstnnennttibnkabanennitaginicesdebeiiaadiias 15.86 percent 
Te TE NET 0 percent 
UTI ‘cevstneitnasthenscetenentennetnenennmeaianed 0.34 percent 
GREENE cccusstinepricencesedethattininenstignmeentainel 4 percent 
—United Kingdom: ..................cccccsceesseeseeees 1.15 percent 
NE cxnreensedniadnecseereenensintenpressomenntt 4.50 percent 
CD veneccrtecnszisscnstainsersonmetinennsesetmuered 4 percent 
—Total subscription: ...............cccccceeeeeeeee 74.62 percent 
EE CRUSE cceennemeneennnnnsnmn 25.38 percent 


The motivation of Member States to establish a basic 
microgravity research programme EMIR is based on the 
desire to ensure modest but assured funding for basic 
microgravity research activities independent of possible 
programmatic changes in large infrastructure elements 
such as Space Station/Columbus and Hermes. It is 
assumed as a general guideline that Short Duration 
(Sounding Rocket, Parabolic Aircraft Flights etc), Shut- 
tle-related and non-Shuttle related activities are of 
approximately equal importance and are therefore 
funded at similar levels. 


1.1 Scientific Aspects 


The main features of microgravity are the elimination of 
gravity-driven convection, sedimentation and fluid- 
static pressure. The feasibility of containerless pro- 
cessing is another advantage of this unique environment. 


Density gradients in liquids and gases arise wherever 
temperature or concentration gradients exist. This is the 
case with any heat treatment and any process involving 
phase transitions or chemical reactions. Density gradi- 
ents and their corollary, buoyancy-driven convection, 
prevail thus in fluids on Earth. The effects of convective 
flow may dominate heat and mass transfer and limit the 
control of numerous processes such as crystallisation. It 
prohibits conducting defined model experiments for 
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testing theoretical models. Under microgravity condi- 
tions gravity-driven convection is virtually eliminated. 
Consequently a new generation of experimental research 
in Fluid and Materials Sciences becomes feasible in 


space. 


Fluid dynamics phenomena can be investigated without 
the interference of gravity-driven convection. Results 
from such studies are expected to provide important 
feedback for the testing and development of theories 
describing three-dimensional laminar, oscillatory and 
turbulent flow generated by various other driving forces. 


In space, diffusion-controlled heat and mass transport 
conditions in fluids can be achieved. This was demon- 
strated with a variety of experiments, whereby excep- 
tionally precise data on self-diffusion, hetero-diffusion 
and thermo-transport were obtained. 


In crystallization, the control of heat and mass transfer 
presents a major problem, and microgravity is therefore 
of great interest for the solidification of metals and alloys 
and for crystal growth in general. Virtually all crystal 
growth processes from melts, solutions, and vapours 
involve thermal and concentration gradients driving 
buoyancy flow on Earth. The crystallisation under con- 
ditions of diffusion-controlled heat and mass transfer in 
microgravity should enable to optimise these processes 
and finally to better control the product. Chemically 
homogeneous semiconductors have been obtained and 
crystals grown from the vapour phase and from solutions 
have reduced defect density. 


One of the very promising projects is the crystallization 
of proteins. The molecular structure of only several 
hundred out of an estimated million of different proteins 
has been unravelled. The difficulty lies in obtaining 
sufficiently large, and sufficiently perfect crystals for 
X-Ray diffraction analysis. There are clear experimental 
indications that the crystallisation of proteins is 
enhanced in space. Recent exyeriments yielded a variety 
of protein crystals of a quality superior to those obtained 
on the ground. 


In space, the behaviour of mixtures of liquids with gase- 
and solids can be investigated without sedimentation 
causing separation of the components according to their 
densities. The elaboration of composites such as high- 
porosity alloys or particle and fibre dispersions which 
cannot be obtained on the ground, can be investigated in 
space. 


The absence of fluid-static pressure and of gravity-driven 
convection provides optimal conditions for the investi- 
gation of capillarity phenomena, phase transitions, and 
critical point phenomena in fluids. As the critical point is 
approached, the compressibility of fluids increases by 
orders of magnitude, and on Earth a fluid is therefore 
compressed under its own weight. The fluid is stratified 
according to density, and homogeneous bulk samples 
needed for investigating phenomena near the critical 
point can only be obtained in space. 
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In the absence of gravity, melts can be positioned and 
manipulated without containers. Containerless pro- 
cessing is of interest since crucibles can be the source of 
contamination, heterogeneous nucleation, and mechan- 
ical stress. So far very few microgravity experiments on 
glass formation have been undertaken. There is the 
possibility of studying under cooling, nucleation, and the 
formation of metastable phases in the containerless 
mode. 


Combustion is an example of a process where micro- 
gravity has dramatic effects. There are complex chemical 
reactions with large temperature and concentration gra- 
dients and, therefore, with strong convection. Micro- 
gravity is the only means by which combustion phe- 
nomena can be investigated under diffusion-controlled 
conditions and without sedimentation (droplet and par- 
ticle burning). 


There is a new class of experiments emerging using the 
near-weightlessness condition for fundamental physics 
investigations. Besides tests of general relativity (e.g. 
STEP project), there are projects on developing an 
ultraprecise atomic clock with the long-term perspective 
of application in Global Pointing Systems, studies on 
fractal materials, aggregation phenomena and thermal 
radiation forces. It can be expected that more physicists 
will discover microgravity as a tool for research in the 
future. 


Space life sciences experiments aim at identifying the 
part which gravity plays at all levels of life from the 
organization of a single cell to the nature of gravity- 
resisting and detecting mechanisms in more highly 
developed organisms including man. 


In the life sciences, microgravity provides unique exper- 
imental conditions that are unavailable on Earth. Micro- 
gravity studies on the underlying mechanism in cellular 
processes add a new dimension to our basic knowledge 
in biology. Studying higher organised life forms such as 
plants, small animals or even man himself, can reveal 
gravity-dependent processes, or gravity responses to 
gravi-sensing mechanisms, all of which can be consid- 
ered as an extension of ground-based research. 


To the biologist, microgravity offers a whole new area of 
research: Life has evolved within the limits of the 
particular physical conditions on Earth, where most of 
these conditions - with the exception of gravity - are 
variable. Most of our understanding of the functioning 
of living organisms was obtained by varying these con- 
ditions in a controlled manner, however, always against 
a background of at least | g. 


Investigations under reduced gravity forces therefore 
represent a completely new field for biological research. 
Initial studies were performed in plant biology, where 
microgravity proved to be a unique tool for research into 
mechanisms of graviresponse. 
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Studies in developmental biology and cell biology have 
generated many new and open questions. On a macro- 
scopic level, most biological processes appear not to 
differ in a microgravity environment. However, results 
clearly show that on the level of individuals cells or 
tissue, unexpected and often rather drastic differences 
occur. These results are intriguing. They provide a strong 
basis for obtaining insight in the (unexpected) role of 
gravity in fundamental cell biological processes, in reg- 
ulatory mechanisms and their influence on the level of 
whole plants or animals (including man). 


Further research in these fields will also contribute to the 
field of exobiology. Questions about the origin of life on 
Earth, the likelihood of life having originated on other 
celestial bodies, the possibility of interplanetary (or 
interstellar system) transfer of living organisms will all 
be addressed by this discipline, that is included in the 
programme. The finding that gravity may influence 
cellular, or even molecular processes, therefore has 
strong relevance for the study of those fundamental 
questions. 


Furthermore, there is a group of processes of adaptation 
to the absence of gravity, the study of which could well 
illuminate the normally-occurring process. In the 
absence of gravity bone becomes demineralized and 
muscle proteins are broken down faster than they are 
built up. The cardio-vascular system has to function 
differently in the presence of different hydrostatic forces. 
Prolonged bed-rest can simulate some of the gross effects 
of weightlessness, but microgravity has already been 
shown to produce additional effects, presumably because 
of the elimination of actions due to differences in the 
magnitude and direction of force on individual compo- 
nents of the body. 


The study of the interaction of cosmic-ray particles with 
living matter is another area of research. While a con- 
siderable part of this work can be conducted with parti- 
cles generated using Earth-based accelerators, the full 
spectrum of HZE particles, however, is difficult to pro- 
duce simultaneously. There already is some experi- 
mental evidence that space flight factors such as weight- 
lessness enhance the biological effects of radiation, and 
the mechanisms of this could cast much light on the 
functioning of the genetic apparatus. It will also assist 
with the evaluation of the radiation hazards to man 
during prolonged space missions, in terms of both, their 
immediate and their longer-term effects. 


1.2 General EMIR Programme Objectives 
The main objectives of the EMIR Programme are: 


—To promote fundamental and applied research in 
materials, fluid, physical and life sciences in space; 
and 


—To establish the necessary knowledge base of research 
and engineering results in order to provide the firm 
foundation upon which future activities with a more 
applied or commercial thrust can be built. 
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These objectives shall be met by: 
(a) The Development of Research Facilities 


Multi-user Facilities and dedicated specific exper- 
iment equipment will be developed for sounding 
rockets, Shuttle, Spacelab, Foton/Nika type 
retrievable carriers and MIR in such a way as to 
reflect the evolving scientific needs. 


(b) The Provision of Flight Opportunities 


A balanced programme of flight opportunities 
using short-duration suborbital flights (parabolic 
aircraft flights, sounding rockets, etc.) Spacelab, 
retrievable carriers and MIR, will be provided in 
such a way as to ensure the regular availability in 
the short and medium term of the microgravity 
environment to the scientific user communities. 
This is considered a prerequisite for the further 
evolution of basic research in the microgravity 
environment. 


(c) The Nurturing of the User Community 


Ground-based research which may ultimately 
require further experimentation in low-gravity 
conditions will be encouraged at the European 
national level or via ESA Prodex programmes 
whenever possible. 


2. Operating Principles of the EMIR Programme 
(a) Scientific Emphases 


The Agency’s EMIR Programme will give equal 
importance to life sciences and materials/ 
fluid/physical sciences. Scientific excellence will 
be the overall guidelines determining priorities. 
The Agency will pre-select, with the help of inde- 
pendent scientific peers, the experiments on the 
basis of scientific merit and space relevance and 
will submit lists of pre-selected experiments to the 
Microgravity Programme Board for approval. 
With the help of its Microgravity Advisory Com- 
mittee the Agency intends to identify areas of 
scientific priorities and to initiate a grouping of 
experiment proposals into focuses, which will, in 
general, be centred around proposals of excep- 
tional quality. 


(b) Use of Existing Facilities 


The selection of flight opportunities will be made 
on the basis of cost effectiveness, and so max- 
imum use will be made of existing multi-user and 
dedicated experimental hardware. 


(c) International Cooperation 


Since the orbital flight opportunities are rather 
scarce at present, the Agency will continue to 
expand the international cooperation with the 
United States of America, Russia and other coun- 
tries pursuing microgravity activities. For 
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instance in the immediate future this means that 
the Agency intends to expand its use of the NASA 
spacelab missions and the Russian Foton/Nika 
type retrievable carriers and MIR missions. This 
cooperation covers also joint basic microgravity 
research and joint use of the experimental flight 
hardware. 


(d) Technology Development 


The ESA EMIR Programme will pursue and 
extend, in its Supporting Technology Element, 
the development of advanced technology 
required for the development of high-quality 
experiment equipment, its automation, the appli- 
cation of telescience and robotics. 


(e) Data Base 


In the frame of the ESA Microgravity Programme 
a Microgravity data base of scientific results has 
been established. This data base is available to all 
users from academic and industrial research lab- 
oratories. It is expected that via a data dissemi- 
nation system a wide spectrum of the research 
community can be reached. 


(f) Scientific Reporting/Education 


A further means to promote microgravity 
research will be the presentation of results at 
conferences of scientific and professional associ- 
ations and the support of “microgravity summer 
schools” which aim at the involvement of young 
scientists in future microgravity activities. 


(g) Advisory Bodies 


The Agency intends to continue to utilise expert 
advisory bodies, i.e. the Microgravity Advisory 
Committee and discipline working/expert groups 
which are made up of top level scientists. These 
groups regularly review the programme, support 
the Agency in selecting the best research pro- 
posals (use of scientific peer groups), and suggest 
- based on the results of experiments - new 
studies, the introduction of new research fields 
and also focusing on prioritized research fields. 


3. Overall Description of the EMIR-1 Programme 
Elements 


The proposed EMIR-! Programme is a merger of Phase 
2, and of the Second Extension to Phase 2. For EMIR-1! 
two basic options concerning the programme content 
can be identified. The two options referred to as Option 
A and Option B, relate to the fact that the Spacelab 
Mission El, which the Microgravity Programme would 
like to use to the maximum extent, has not been 
approved yet. It is uncertain, at present, if Member 
States will agree to “sufficient” funding in the frame- 
work of these Columbus Precursor Missions to finance 
the E1-Spacelab Mission. 
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Option A reflects the programmatic content and the 
proposed adjustments of the Second Extension assuming 
that the El- Spacelab Mission will be funded. This 
option is the clearly preferred one and has been a key 
planning hypothesis over the past years. 


Option B reflects a situation where the E1l-Spacelab 
Mission would not be funded. This option has not been 
studied to the same extent as Option A in view of the 
indication given by the States participating in the Pre- 
cursor Missions in the past, that preference would be 
given to funding of the Spacelab E-1 mission. Therefore, 
Option A was discussed as planning baseline. 


In the following subsections the various programme 
elements are described, and where relevant, the aliciaa- 
tive flight opportunities are identified if no El Spacelab 
missions would be funded. 


The various programme elements are grouped in the 
following activities: 


—General Activities, covering studies, technology, data 
base and expert working groups etc.; 


—Mini Missions, covering sounding rockets, parabolic 
aircraft flights, GAS and drop tower/tube experimen- 
tation; 


—Spacelab Facility Development/Reflights, covering 
the following individual facilities: 


a) Biorack reflights on IML-2 and El! Spacelab 
missions; 


b) Bubble Drop and Particle Unit reflight on IML-2 
and El! Spacelab missions; 


c) Critical Point Facility on IML-2 and E1! Spacelab 
missions; 


d) Anthrorack reflight on the El Spacelab Mission; 


e) Advanced Fluid Physics Module reflight on El 
Spacelab Mission; 


f) Advanced Protein Crystallisation Facility on 
Spacehab |, IML-2 and two other missions; 


g) Advanced Gradient Heating Facility on Spacelab 
missions such as El or equivalent. 


—Spacelab Independent Payloads, covering the develop- 
ment and mission costs of the diffusion measurement 
Facility (a GAS), and mission costs of the APCF on 
Spacehab (June 1993); 


—Payload Development/Refurbishment, covering the 
planned development of the Fluid Physics Facility 
(derived from LSF), of the Floating Zone Stability 
Module for Foton, the costs associated with the utili- 
sation of existing facilities on MIR, and the develop- 

ent of the Breath Analyzer and BIB-incubator for the 
MIR-95 mission. (BIB = Brunel Institute of Bioengi- 
neering.) In addition, the refurbishment costs for the 
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reflights of Biobox and Biopan are included in this 
programme activity. For new developments for Foton 
an attempt will be made to apply the technology used 
for sounding rockets; 


—MDission Costs for Retrievable Carriers/MIR, covering 
missions costs for ESA payloads on Foton/Nika-type 
missions and potentially special payload services for 
the MIR missions; 

—Participation in NASA Spacelab Missions, covering at 
present the development of the Torque Velocity Dyna- 
mometer (TVD) and Neurorack for the NASA 
Spacelab Missions SLS-3 and SLS-4, but could be 
extended to cover ESA payloads on other Spacelab 
missions of NASA; 


—Phase B Studies, covering the Phase B studies of 
multi-user facilities for Columbus (i.e. the Biolab, 
Materials Science Lab and the Fluid Science Lab) 
which will later become part of the MFC programme. 


In the following sections, short descriptions of those 
programme elements or activities shall be given which 
still play a major role in the future. 


3.1 Future Studies 


Since the amounts obtainable from General Studies are 
more and more reduced, there is a strong need for this 
activity to be maintained within the EMIR Programme. 
In 1993 the funds needed are especially high because 
parallel Phase A studies had been initiated in 1992 for 
the microgravity facilities for the Columbus APM. Past 
experience has shown that parallel studies are in the best 
interest of the Agency from a cross-fertilisation view- 
point and in order to maintain competition up to fixed- 
price offers for the Phases B and C/D. Other areas which 
require studies are: 


—Analysis of scientific, technical and operational 
requirements of proposed experiments; 


—Payload accommodation studies for retrievable 
carriers; 

—Investigation of required gravity levels across all 
Microgravity disciplines; 

—Feasibility studies of multi-user facilities (e.g. 
Neurorack); 


—The implementation telescience. 


3.2 Supporting Technology 

In order to remove technological, schedule and hence 
cost risks, a supporting technology programme element 
is needed to ensure timely development in potentially 
critical areas. At the request of the Microgravity Pro- 
gramme Board the originally planned amount for sup- 
porting technology has been reduced and to the pro- 
gramme element “Mission Costs for Retrievable 
Carriers/MIR” has been increased accordingly, because 
no funds were originally planned to support the suddenly 
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upcoming Euro-MIR 94 and 95 missions. This means 
that the planned early breadboarding of MFC within the 
Supporting Technology Programme can no longer be 
performed. 


3.3 Microgravity Data Base (MG-DB) 


The MG-DB entered its final test phase in March 1993, 
after the building up phase of collecting and formatting 
the data had been concluded. The first release of the 
MG-DB to the large user community is planned for the 
autumn of 1993. 


The User Support Centres MARS, MUSC, CADMOS and 
DUC were involved in the establishment of the data base 
and have ensured the largest possible coverage of micro- 
gravity experiments. Between March and June 1993, a 
selected number of users were given the opportunity to 
examine the application, easy access, man-machine inter- 
face as well as the quality of the data. The ESA MG-DB 
contains at present the description and results of about | 80 
European and 600 NASA/United States experiments. By 
the end of 1993 the MG-DB will contain all the European 
microgravity experiments flown and a short description of 
the objectives of those experiments which are planned to 
be flown in the near future. 


The Agency reached an agreement with NASA to share 
the experimental data of both sides and to develop and 
use compatible formats and application procedures. 


3.4 Experts, Advisory/W orking Groups, Purchase 
Orders 


This programme element includes a number of general 
activities which in the past fell under ESA internal costs, 
but which in reality do not belong there. The following 
expenses are covered by this programme element: 


—Experts and consultants, scientific advisory/working 
and expert groups, peer groups for experiment evalu- 
ation, symposia support, etc.; 


—Use of facilities, laboratories and computer services; 


—Purchase orders (this type of procurement procedure 
is often used for smaller equipment items because it 
strongly reduces the administrative effort and associ- 
ated delays). 


3.5 Sounding Rockets 


Sounding rockets have played a significant role in micro- 
gravity experiments, particularly in Europe through the 
German national programme TEXUS (Technologische 
Experimente Unter Schwerelosigkeit), in which ESA 
participates at a level of about 50 percent. In the United 
States and Japan sounding rocket programmes were also 
carried out for microgravity research, but in a more 
sporadic manner. In addition to the normal two TEXUS 
rocket flights per year, the Swedish Space Corporation 
(SSC), with major ESA participation (about 90 perceni), 
started a sounding rocket programme called MASER 
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(Materials Research Experiment Rockets) in 1987, with 
a flight frequency of one payload every 18 months. 


Five successful Maser flights were carried out to date, 
and the sixth is planned for November of this years. 


Apart froin the established usefulness of such flights for 
materials/fluid sciences, sounding rockets offer good 
opportunities for experimental study and assessment of 
the gravity relevance of some key bioprocesses which do 
not require long exposure to microgravity. Sounding 
rocket experiments are especially appreciated by the 
scientific community because of the short lead time 
between experiment selection and flight, and becaus of 
the frequent flight opportunities. 


In the TEXUS ; rogramme 30 sounding rocket payloads 
were flown since 1977. Microgravity durations of the 
order of six minutes are achieved by payloads of about 
360 kg (250 kg pure experimental hardware) flown to an 
altitude of 250 km. Launch and recovery takes place at 
ESRANGE near Kiruna in Northern Sweden, the launch 
vehicle being a Skylark 7. 


The payloads of Texus and Maser consist of up to six 
autonomous experiment modules, each with its own 
power supply, data handling, and in some cases, video 
monitoring and telecommand for real-time experiment 
control. New module types are continuously under 
development, depending on the experiments selected 
during each call for experiment proposals. 


The use of longer-duration sounding rocket flights using 
larger rockets, is attractive for many experiments. There- 
fore MBB/ERNO and SSC established the Maxus 
sounding rocket programme and considered the fol- 
lowing design criteria: 


—Re-use of existing Texus/Maser hardware; 
—DMicrogravity time off up to 14 minutes; 
—Experimental payload of about 440 kg. 


The first Maxus flight partially failed, however, the 
payload was safely recovered. The reflight in November 
1992 was successful. 


The programme element sounding rockets has somewhat 
suffered from the: 


—Stretching of approved MG programmes within the 
same financial envelope; 


—From the increase of the mission costs (flight ticket 
and payload), because for geographic return reasons, 
new unexperienced contractors for the development of 
payload modules had to be involved. 


Considering the present budget for sounding rockets, 
which has not been reduced or blocked as a consequence 
of the low subscription to the approved Extended Phase 
2, the mission scenario looks as follows: a Maser (6) and 
a Texus (31) flight in November 1993, a further Texus 
flight in 1994, a Maxus 2 flight in Spring 1995, followed 


WEST EUROPE 23 


by Maser 7 in Spring 1996. It is assumed that new funds 
will be available from the EMIR-2 programme for the 
1997 sounding rocket activities. 


3.6 Parabolic Flights 


For many years, in the United States and in recent years 
also in Europe, aircraft flying parabolic trajectories have 
been employed to produce low gravity conditions. In the 
early years this was mostly for astronaut training and 
similar activities. More recently, these parabolic flights 
have been used for microgravity activities, especially 
precursor experiments, equipment checkout and experi- 
mental parameter optimisation, in materials sciences 
and the life sciences. 


From the life sciences perspective, parabolic flights are 
useful not only for testing new procedures and equip- 
ment, but they also provide the opportunity of crew 
involvement. Furthermore, the periods of hypergravity, 
which occur during re-acceleration and climb to altitude 
in such flights, are also useful, for example. for the 
construction of physiological models over a wider range 
of gravity levels, and for understanding instantaneous 
dynamics of physiological reactions to transient g-levels. 


Several types of aircraft were used. ESA was able to use the 
NASA KC-135 aircraft six times, both as precursors to 
Spacelab flights for experiment optimisation, and also, 
more generally, for experimental opportunities for inter- 
ested microgravity researchers. The disadvantage of the 
KC-135 flights was that its campaigns were performed as 
JSC Houston, so that all experimenters with thei equip- 
ment had to travel to Houston. Therefore the French 
company NOVESPACE, with major investments of 
CNES, made a Caravelle airplane available which ESA has 
used twelve times since February 1989. In 1994 the flight 
certificate of the Caravelle (the aircraft is some 20 years 
old) will probably expire and a new solution for parabolic 
aircraft flights has to be found. In this context the procure- 
ment of an Airbus A 300 was proposed; however a pro- 
curement of leasing would cost between 14.5 and 20 MAU 
[million accounting units] for 4 to 8 years’ leasing options. 
In addition, the Airbus has a very large capacity (about 12 
tons, 50 passengers) - too large for it to be used fully and 
efficiently for the ESA MG programme. The advantages of 
Caravelie’s frequent flight opportunities—so much in 
demand—-would be lost to the users. 


Another alternative to Carave!le might be the commer- 
cial offer of the company “Elbe Space and Technology 
Dresden”, proposing parabolic flight services with a 
Russian aircraft IL-76 MDK. However, the safety 
aspects, which are also based on the flight history of a 
plane, might pose a problem. The technical capabilities 
of the IL- 76 MDK are somewhat larger than those of the 
Caravelle and its utilisation is therefore slightly more 
expensive. 


The budgetary planning of parabolic aircraft flight cam- 
paigns in the EMIR-1 Programme (each consisting of 
some 90 parabolas with about 20 seconds of 10-2 
periods) assumes two campaigns per year until 1997. 
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3.7 Spacelab Facility Development/Refiights 


This major element of the programme covers the devel- 
opments in the past and the refurbishment and reflights 
of some ten different independent multi-user facilities. 
Since all these facilities were described in detail in 
PB-MG documents (e.g. ESA/PB-MG(89)9), a document 
of 85 pages, most of them also in “Microgravity News” 
and in many external publications, no full description of 
these facilities will be repeated here. However, remarks 
to the status of flight opportunities, especially where the 
not yet approved Precursor Mission E1 is concerned, will 
be given below. 


3.7.1 Vestibular Sled 


The Vestibular Sled, already developed prior to the start 
of Phase 2 of the Microgravity Programme, was designed 
to support the investigation of the functional organisa- 
tion of man’s vestibular apparatus and orientation 
system and the vestibular adaptation process in the 
absence of gravity. 


The Sled was flown on the German Spacelab mission D-| 
in 1985. It provided a linear acceleration (0.2 g max) with 
a well-defined level and profile, on an astronaut attached 
to a seat which moved on rails along the centre aisle of the 
Spacelab, the Astronaut could be oriented in three planes 
with respect to the acceleration vector. The vestibular 
system of the astronaut could be stimulated both thermally 
and optokinetically during the experiment. 


Mainly due to its heavy demands in terms of resources 
(total Spacelab floor) and due to disturbances generated 
during its operation, Sled could not find further Spacelab 
flight opportunities. However, both Sled models were 
used successfully in terrestrial research laboratories. No 
further expenses for the Vestibular Sled are planned in 
the MG Programme. 


3.7.2 Biorack 


The Biorack is a multi-purpose facility for experiments 
in cell and developmental biology and radiation bio- 
physics. Its first two flights were on the German Mission 
D-1 in 1985 and on IML-1 1992, and it will be reflown 
on the NASA International Microgravity Laboratory 
(IML-2 Spacelab Mission in July 1994. 


The main elements of the Biorack are incubators, a 
cooler/freezer and a glovebox. It also includes special 
canisters for transporting and maintaining sensitive bio- 
logical samples under a well-defined thermal environ- 
ment. Experiments are in general housed in small exper- 
iment containers of standard dimensions. The 
experiment containers are provided to the investigators 
who accommodate their biological samples, nutrients, 
etc. according to their specific requirements. 


In future, after IML-2, it is planned to refly Biorack on 
the El Spacelab mission. If this mission is not approved, 
there is a good chance that Biorack will be selected for a 
NASA Spacelab mission. In the “Call for Experiments” 


JPRS-EST-94-004 
4 February 1994 


for the NASA Spacelab mission SLS-4, Biorack is offered 
to support research areas in cell and molecular neurobi- 
ology and developmental processes at cellular level. 


3.7.3 AFPM (Advanced Fluid Physics Module) 


The AFPM evolved from the Fluid Physics Module. It 
was successfully flown on the German Spacelab mission 
D-2 in April 1993. It is designed, like the FPM, for 
investigation of liquid bridge stability. Marangoni con- 
vection, drop coalescence, surface and interfacial forces, 
capillary phenomena and the behaviour of containerless 
immiscible fluids. The system and diagnostics are more 
sophisticated than the original FPM. 


The core of the AFPM is an interchangeable test 
chamber with two coaxial discs (up to 100 mm diame- 
ter). Liquids can be injected through one of the discs so 
that a liquid column can be mechanically stimulated 
either by rotating the discs or by axial vibrations. The 
discs can be heated such as to establish the temperature 
gradients required in the liquid. 


Illumination of meridian or cross-sectional planes per- 
mits the observation of phenomena within the liquid. 
Images can be recorded by two TV cameras. A thermo- 
graphic camera permits also the determination of the 
surface temperatures. 


In future, after D-2, it is planned to refly the AFPM on 
the Spacelab Mission E-1. Should this mission not be 
realised, the following near term alternative exists: The 
Floating Zone Stability Module, planned to be devel- 
oped for a Foton flight in 1996, could be extended to 
cover the essential capabilities of the AFPM. The remote 
control capabilities of Foton are rather limited. There- 
fore an effort should be made to improve this capability — 
of Foton. 


3.7.4 BDPU (Bubble Drop and Particle Unit) 


The BDPU is dedicated to the study of the behaviour of 
bubbles, drops and particles in transparent liquids. The 
unit is modular consisting of a test container with test cells, 
a fluid injection system and a fluid reservoir. The test 
container can be replaced in orbit. The temperature of the 
fluid can be controlled and thermal gradients can be 
generated. Acoustic and mechanical means for mixing of 
the fluids are provided. The diagnostic means include 
direct observation by TV, cine and still cameras, a Point 
Diffraction Interferometer and a Schlieren Optics System. 


Temperatures are monitored by ten sensors in the wall of 
test cell, and surface temperatures are determined by a 
thermographic camera. 


The BDPU will fly on the Spacelab mission IML-2 in 
June 1994, during which about half of its utilisation is 
given to United States investigators in return for a free 
flight ticket (i.e. mission and integration) on IML-2. 
NASA is also interested in sharing the utilisation of 
BDPU on the El mission and would compensate this by 
reducing the Shuttle costs for the El mission. Should 
there be no El flight opportunity, the BDPU could 
probably refly on one of NASA’s Spacelab missions, 
which are planned by NASA as successor missions - with 
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international participation - of the national USML-1 and 
USML-2 missions, or on Space Station Precursor 
missions. 


3.7.5 CPF (Critical Point Facility) 


This facility is designed to investigate phenomena occur- 
ring near the critical point in transparent fluids under 
microgravity conditions. It has flown on IML-1! in 1992 
and is scheduled for flight on the IML-2 Spacelab mis- 
sion in June 1994. 


The major elements of this facility are a precision thermo- 
stat with an experiraent-dedicated fluid cell. Various 
stimuli, such as acoustic stirring, heating and cooling can 
be applied. Thermal and optical diagnostic systems permit 
observation of flow and of phase separation. 


The thermostats can be exchanged in orbit so that 
different systems can be investigated. The temperature 
in the thermostats can be controlled in the range of 30-70 
Degrees Celsius with an accuracy of | milli-Kelvin and a 
stability of 0.1 milli-Kelvin. 


The optical diagnostics consist of a Schlieren optics 
system, a Twyman-Green type interferometer, a small 
and wide-angle light scattering measurement system and 
a light-attenuation measurement system. 


In future it is planned to fly the CPF on the E1 Spacelab 
mission. Should this mission not take place CPF could 
probably fly on one of NASA’s missions, under similar 
conditions (IML-conditions) as on IML-1 in 1992 and 
IML-2 in 1994. There is considerable interest in the 
United States of America to continue joint ESA/NASA 
flights on the CPF. 


3.7.6 Anthrorack 


The Anthrorack is a multi-user facility for research in 
human physiology, which was successfully flown on the 
German Spacelab mission D-2. The concepts is to mea- 
sure interrelated body systems (e.g. cardiopulmonary 
metabolic etc.) simultaneously on the same subject, 
thereby allowing the intercomparison of data in a whole 
body analysis. 


Such an approach allows sets of high quality extensive 
science data to be acquired, and it mitigates the effects of 
the serious lack of mission opportunities and the low 
number of test subjects, which have precluded a normal 
statistical approach. Specific system-stimulation devices 
are provided in order to perturb well- regulated and 
balanced body systems e.g. heart rate and fluid distribu- 
tion, in a calibrated and reproducible fashion. 


Anthrorack contains specialised equipment for moni- 
toring, on a non-invasive basis, the cardiovascular adap- 
tation, deconditioning and pulmonary function. It has 
provisions for sampling, processing, conservation and 
acquisition of signals representing the biopotentials 
(ECG, EMG, EOG, EEG), blood pressure, body temper- 
ature and ambient conditions. 
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The experiments on the first mission covered three 
major groups, namely cardiovascular, pulmonary and 
hormonal research experiments. There are two major 
monitoring and diagnostic systems: the Respiratory 
Monitoring System, based on a mass spectrometer for 
analyzing the pulmonary functions, and the Ultrasound 
Monitoring System for studying cardiovascular func- 
tions. The major body stimulation equipment is a 
Bicycle Ergometer mounted on the centre aisle of 
Spacelab. A high-speed centrifuge is included to permit 
the processing of blood samples on board. 


It is planned to refly Anthrorack on the El Spacelab 
mission. Should this mission not take place, the Anthro- 
rack could be converted into an ESA-Neurorack for the 
NASA SLS-4-Neurolab mission. For a Neurorack it is 
planned anyhow to use similar infrastructure and service 
elements as for Anthrorack. Anthrorack would have to 
be modified for the specific needs of the Neurolab 
mission objectives. 


In particular re-use of the following Anthrorack sub- 
elements is foreseen: 


—Central computer unit for data acquisition and 
transfer; 


—Modular support equipment with plug-in modules and 
the modular support system for experiment specific 
equipment (ESE); 


—Automated blood pressure measurement system; 


—Remote signal conditioner units for support of EMG, 
EOG, ECG, EEG, strain gauge dynamometer/ 
potentiometer, and temperature sensors; 


—Ambient conditions monitoring system; 
—High-resolution colour video monitor. 


In this case of conversion of major hardware elements of 
Anthrorack into a Neurorack, which serves a different 
physiological science community, i.e. the neuro- 
physiology community, it would be desirable to extend 
the experimental opportunities on the MIR-94 and MIR- 
95 mission to serve the “traditional” Anthrorack user 
community in the cardiovascular, pulmonary and hor- 
monal research fields. 


3.7.7 AGHF (Advanced Gradient Heating Facility) 


This facility is a Bridgman-type furnace for crystal 
growth and directional solidification. Relatively large 
samples of up to 18 mm diameter and 300 mm length 
can be processed under well-controlled conditions of 
thermal stability, solidification rate and interface pla- 
narity. The cartridges containing the samples can be 
exchanged so that a series of samples can be processed. 
Electric pulses can be applied to the samples causing 
instantaneous growth rate variations for interface 
demarcation. To minimise microgravity disturbances, 
the cartridge remains stationary whilst the furnace 
is translated. 
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NASA and ESA had planned to fly and utilise the AGHF 
during the NASA USML-2 Mission in 1995. However, 
NASA was not allowed to fly AGHF on the United 
States-National Spacelab mission USML-2. 


It is now planned to fly the AGHF on the El Spacelab 
mission with the same set of selected ESA and NASA 
experiments, as planned for the USML-2 mission. 


Should the E-1 mission not be realised, a joint re-flight of 
AGHF on a NASA Spacelab mission is envisaged. NASA 
is very interested in using AGHF. 


3.7.8 APCF (Advanced Protein Crystallisation Facility) 


This facility is designed for the growth of protein 
crystals. The two APCF flight units fit technically into 
two Shuttle middeck-lockers and can accommodate 96 
(= 2 times 48) protein crystallisation reactors at closely 
controlled temperatures (+4 Degrees Celsius and +20 
Degrees Celsius for IML-2). APCF consists of two 
completely independent identical modules. This 
means that a one middeck-locker size APCF facility 
could be flown and operated at any desired tempera- 
ture between + 4 Celsius Degrees and some 30 Celsius 
Degrees. This APCF provides the possibility to utilise 
the three crystallisation methods favoured by the 
investigator community: 


—Free interface diffusion; 
—Dialysis; 
—Vapour equilibrium. 


High-quality video observation and recording is avail- 
able for 20 reactors, which will allow the study of 
growth rates and mechanisms and determination of the 
size and habitus of the grown crystals prior to re-entry 
(possible damage). There also is a simple light-scatter 
nucleation-detection device, which may be developed 
into an advanced diagnostic system for crystal growth 
at a later stage. 


APCF successfully flew for the first time on the Spacehab 
1 mission in June 1993. It will refly with two modules 
(two FM’s) on the IML-2 mission in 1994, and two more 
flights were agreed with NASA in the 1994/95 time 
frame, in exchange for NASA’s use of the ESA glovebox 
on the USML-2 mission. 


In future, no problems of flight opportunities of the 
APCF are expected, because the facility is compatible 
with standard Shuttle middeck lockers and with 
Spacehab lockers. 


3.7.9 Glovebox 


The glovebox concept was derived from the Biorack 
glovebox, an enclosed space penetrated by gloves, which 
isolates the internal content from the glovebox’ environ- 
ment. The glovebox protects the astronauts’ living envi- 
ronment from the experiment and the experiments from 
each other. This is accomplished by a constantly filtered 
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air flow and a slight underpressure with respect to the 
Spacelab cabin. Residual leaks will draw clean air in to 
be filtered rather than allow contaminated air out. 


The Biorack glovebox was so successful that NASA 
requested a next-generation version for the USML-1 
Spacelab mission, which flew in 1992. This new glove- 
box was aimed more towards materials/fluid science 
experiments. The improved technical capabilities 
included video channels for downlinking and on-orbit 
recording. 


In return for NASA’s utilisation of the glovebox on 
USML-1, the Agency already obtained the APCF flight 
opportunity (two middeck lockers) on the IML-2 mis- 
sion, and will obtain two more flight opportunities 
(one middeck locker each) for APCF on future Shuttle 
flights, in return for the utilisation of glovebox on the 
USML-2 mission in 1995. NASA’s life science office 
have specifically requested that ESA’s glovebox fly on 
the SLS-4 mission in order to replace the originally 
planned large NASA General Purpose Work Station (a 
Spacelab Double Rack). The glovebox would permit 
biological sample preparation and handling in a safe 
and contained environment. In return, the ESA inves- 
tigators selected would be offered to use NASA facili- 
ties during the SLS-4 mission. 


3.8 Biobox and Biopan for Foton 


The two facilities were developed by the Agency for 
flight on Russian retrievable Foton type satellites. 


Biobox is a fully automatic and programmable incubator 
(with a | g reference centrifuge) for research in gravita- 
tional biology. It flew for the first time in December 
1992/January 1993 on the Russian Bion 10 retrievable 
satellite mission (a Foton re-entry capsule). It is planned 
to refly Biobox in 1994 and 1996 on cost reimbursable 
Foton missions. 


The Biopan is a multi-user experiment facility intended 
to support research into the effects of cosmic radiation 
on biological sample materials. Biopan is designed to fly 
on recoverable satellites, on missions with an orbital 
inclination of 62.8 Celsius Degrees or 82.3 Celsius 
Degrees, and with a duration between two weeks and six 
months. Biopan will be mounted on the outer surface of 
its carrier satellite and will allow direct exposure of the 
biological samples to the hard vacuum and radiation 
environment of outer space. 


The candidate carriers for Biopan are, in the first place, 
the operational Russian satellites of the Bion, Foton and 
Resurs type, and at a later stage the Russian Nika-T 
satellite, which will make its first flight in 1995. Dif- 
ferent numbers of Biopans (between one and four) can be 
accommodated on these satellites. 


In the frame of the ESA/RSO arrangement mentioned 
above, it is planned to perform Biopan’s first operational 
flight at the end of 1993 and to refly it in 1994 and in 
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1996. Already in October 1992, a technical qualification 
flight of Biopan on Foton was successfully carried out. 


3.9 New Payload Development for Retrievable Carriers 
and MIR 


It is planned to develop - after Biobox and Biopan - the 
following two fluid science facilities for flight on Foton: 


—Fluid Physics Facility (FPF); 
—Floating Zone Stability Module; 


And it is proposed to develop two life sciences facilities 
for the MIR 1995 flight: 


—Breath Analyzer; 
—BIB-MIR Incubator. 


3.9.1 FPF (Fluid Physics Facility) for Foton 


ESA made, in summer 1992, a detailed comparative 
assessment of the capabilities of the two fluid science 
facilities BDPU and the Liquid Structure Facility 
(LSFXESA/PB-MG(92)21). The background for this 
comparison was the strong reduction in the scope of 
Columbus Precursor missions from originally two 
Eureca reflights and two Spacelab missions (E1 and E2), 
to one El mission with only 50 percent ESA payload, 
and 2 MIR missions. Since the ESA multi-user facilities 
already developed for Spacelab, exceed by far the accom- 
modation capabilities of a 50 percent El Spacelab, it was 
strongly recommended to refly either BDPU, or to 
develop the LSF and fly it on El. The Microgravity 
Programme Board decided in September 1992, that a 
peer group examine the situation by taking into account 
the feasibility of the priority-A fluid science experiments 
which could either be performed with the BDPU, LSF, 
or with both facilities. 


In short, the Peer Group reached the following conclu- 
sion: The development of a derivative of LSF for flight 
on Foton was justified, because three priority A experi- 
ments could not be performed with the capabilities 
provided by the BDPU. The Microgravity Programme 
Board accepted this recommendation, and the Executive 
has, in the meantime, started a Phase A/B study for the 
FPF (as a LSF derivative), which will be concluded in 
autumn 1993. It is intended to subsequently initiate the 
development phase of the FPF in order to meet a launch 
on Foton in the 1996 time frame. 


3.9.2 Floating Zone Stability Module 


A European team of scientists (six laboratories from four 
member states) proposed to develop a new fluid science 
facility either for Foton or for Maxus, to investigate the 
stability of non-axisymmetric liquid columns. The 
study/development of such a facility would certainly 
obtain a high priority if no El mission with the AFPM as 
payload was to be realised. 
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3.9.3 Breath Analyzer for MIR 


The Breath Analyzer proposed here is derived from a 
technological concept developed by a Danish company 
(Bruel & Kjaer) and is based on a combination of 
acoustic, infrared light an paramagnetic measuring prin- 
ciples. Compared with the Anthrorack mass spectrom- 
eter gas analyzer, the characteristics of this new analyzer 
are compactness, low power consumption, high stability 
and no vacuum requirement. 


The new analyzer transforms gas concentrations to 
acoustically detectable signals, and a highly sensitive 
microphone can be used as transducer for gas analysis. 
This transformation results in an alternating pressure 
obtained by applying phased energy (IR light) to the gas 
molecules and by choosing the pulsation frequency in the 
audible range. In the frame of the ESA Technological 
Research Programme, a breadboard model for space 
application was already built and showed similar resolu- 
tions, apart from CO, as the Anthrorack mass spectrom- 
eter, but was by a large factor smaller regarding mass, 
volume, and power. 


Since a gas analyzer is an instrument needed for moni- 
toring the astronauts’ pulmonary and cardiovascular func- 
tions, but which is not yet aboard MIR, it was proposed to 
develop the flight model and associated support and data 
storage equipment for the Euro-MIR-95 flight. 


3.9.4 BIB Incubator for MIR 


The call for experiments for the Columbus Precursor 
missions resulted in a large number of proposals (more 
than 80) in the field of biology. The peer group evalua- 
tion of these biological experiment proposals resulted in 
some 33 category-A proposals. ESA examined which of 
these 33 experiments could be accommodated in the 
BIB-MIR incubator, and found that it would be possible 
for some 15- 20 of these category-A experiments to be 
performed with this incubator, originally conceived for 
flight on the Russian-British MIR flight. 


3.10 Torque Velocity Dynamometer (TVD) 


NASA invited the Agency to participate in NASA 
Spacelab Mission SLS-3. SLS.3 is a dedicated life sci- 
ences Spacelab mission, which will be launched in the 
first quarter of 1996. The objective of this mission is to 
study the effects of microgravity on the musculo-skeletal 
system in the human body. This mission will also encom- 
pass the CNES/NASA Rhesus Projects, rodent experi- 
ments and an extended-duration orbiter medical pro- 
gramme. The mission will last 16 days. 


Although NASA had already selected its experiments 
related to studies in the human musculo-skeletal system, 
NASA had invited ESA to participate in this mission by 
developing a research facility, called Dynamometer, a 
facility for testing skeletal muscle performance overall and 
for specific research into muscle disuse atrophy. In return 
for ESA’s contribution, European scientists were invited to 
participate in this mission. ESA had identified several 
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experiment proposals from the Columbus Precursor Mis- 
sions which were rated as Category A and would match the 
scientific objectives, both of the mission, and the potential 
research hardware provided by ESA. 


In particular, ESA plans to develop, together with 
industry, the Dynamometer which can measure force, 
torque and velocity of various human limbs/joints, in an 
adjustable and reproducible way. 


The Torque Velocity Dynamometer will be of central 
importance to the understanding of adaptation processes 
taking place in the skeletal muscles during the “0-g 
immobilisation”. The quantification of the decondi- 
tioning in space with the help of the TVD is new 
compared to the pre- and post-mission muscle perfor- 
mance programmes carried out for the SLS-1, SLS-2 and 
D-2 missions. The TVD is also useful for studying and 
defining countermeasures. 


In order to comply with the very compressed SLS-3 
schedule, NASA has offered to support this TVD devel- 
opment in the areas of safety aspects and Spacelab 
interface aspects, and to utilise a recently qualified 
NASA portable computer for control and data acquisi- 
tion from the TVD. It is intended that the TVD hard- 
ware will also be technically compatible with a Shuttle 
Middeck accommodation. 


In the medium term the TVD could also be flown on 
long missions on the planned MIR-2 Space Station, 
where it would be an interesting complement to the 
Breath Analyzer. During these long-term missions it is 
important to maintain sufficient muscle strength for the 
time of return to the Ig environment. 


3.11 Neurorack 


NASA invited ESA and other space agencies to partici- 
pate in the Neurolab Spacelab mission (SLS-4) in 1998. 
The SLS-4 Neurolab mission is dedicated to studying 
fundamental neuroscience questions and to studying 
mechanisms responsible for neurological and behav- 
ioural changes that occur in space flight. 


In order to evaluate the best way for ESA to participate 
in the SLS-4 mission, and in order to discuss the hard- 
ware requirements of the European neuroscience com- 
munity, ESA has set up a Neurolab Science Team in 
February 1993. The preliminary recommendation of the 
hardware ESA should study, is a Neurorack, which is 
composed of an infrastructure similar to that of Anthro- 
rack, and which would provide the following services: 


a) A central computer service unit, a Facility Support 
Computer for: 


—Data acquisition and data transfer between 
involved nodes; 


—Communication with peripheral micro- 
processors/computers in connected or other Neuro- 
rack equipment; 
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—Data Acquisition and power supply support of the 
existing Anthrorack Plug-in Module (PIM) and 
Modular Support System (MSS); 


—Provision of two individual displays: One sta- 
tionary and one mobile, the latter connected to the 
rack by a flexible data/power cable. The facility 
Support Computer accommodates separate inter- 
face cards for support of specific interface require- 
ments. 


b) Automated Blood Pressure Measurement System 
(ABP) derived from Anthrorack (Finapres system); 


c) A Remote Signal Conditioner Unit (RSCU) for sup- 
port of EMG, EOG, ECG, EEG, dynamometer (strain 
gauge)/potentiometer, and temperature sensor, 


d) A vestibulo-ocular interaction recording device; 


e) Plug-in Module (PIM): For support of data acquisi- 
tion/power/status coming from rack-external equip- 
ment. 


f) Modular Support System (MSS): For support of fully 
integrated units, connected through the Modular Sup- 
port system (MSS) which may provide device control, 
data and power support as well as data acquisition by 
the Facility Support Computer. 


g) Video Colour Monitor (high resolution) for real-time 
display of video images and other support functions. 


ESA intends to initiate a Phase A study of Neurorack, 
which is based on the recommendation of the Neurolab 
Science Team in the near future. This study will also 
cover the scenario in which an El- Spacelab mission 
would not be funded, so that Anthrorack hardware 
elements could become available for use in Neurorack. 
This should enable to strongly increase the capability of 
Neurorack. 


a he ny Changes Introduced by the 
Transformation of the Previous MG Programme 
(Extended Phase 2) into the EMIR-1 Programme 


The changes/adjustments introduced when the Extended 
Phase 2 was transformed into the EMIR-! Programme, 
(lasting until 1997), are the following: 


a) It is assumed that no Eureca reflight will take place 
until 1997. 


b) The EMIR-! Programme will support the ESA MIR 
missions in 1994 and 1995, as far as the utilisation of 
existing French, German and Russian experimental 
facilities onboard MIR are concerned, and in the 
frame of EMIR-i a breath analyzer, an incubator, a 
freezer, a separation centrifuge, and other support 
equipment will be developed/procured and operated 
on MIR. 
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c) The number of payload elements to be reflown on E! 
or equivalent missions will be increased by reflights of 
Biorack, BDPU and CPF. 


d) New facilities will be developed for the recently 
offered NASA Spacelab missions SLS-3 and SLS-4: 


—A Torque Velocity Dynamometer for the SLS-3 
mission which is planned for early 1996; 


—A Neurorack for the SLS-4 mission planned for 
early 1998. 


e) Additional funding has been allocated to develop, for 
flight on the Russian retrievable carrier Foton, a 
Fluid Physics Facility, FPF (which is derived from 
the former Liquid Structure Facility), and a Floating 
Zone Stability Module (FZSM). 


f) The funding of the Technology Support Programme 
will be reduced and the resulting “‘saved’’ amount will 
be used to support the microgravity experiments 
selected for the Euro-MIR 94 and Euro-MIR 95 
missions. 


g) Additional funding has been allocated to cover the 
mission and utilisation costs for retrievable carriers 
such as Foton. In particular the following flights are 
planned: 


—Biopan reflight in 1993 (September), 1994 and 
1996; 


—Biobox reflights in 1994 and 1996; 
—Flights of the FPF and the FZSM in 1996; 


—Performance of materials sciences experiments 
using the existing Foton and MIR furnaces. 


h) The Phase B-Studies (detached design) for the micro- 
gravity facilities for the Columbus Attached Labora- 
tory have been blocked until the Columbus Pro- 
gramme is approved. This Phase B-Study is the only 
Columbus Programme element which remains within 
the EMIR-1! technical programme content. 


i) The annual budget limitation of the EMIR-1 Pro- 
gramme imposed by the Granada Council Meeting at 
ministerial level, of 88 MAU (1992 economic condi- 
tions), a sum which included the blocked amount of 
25.5 percent or about 24 MAU resulting from the low 
subscription level of only 74.5 percent, has been 
introduced. This means that for EMIR-! a net annual 
budget of about 64 MAU (1992 economic conditions) 
will be available, from which all industrial develop- 
ment/refurbishment expenditure, mission/flight costs, 
expenses for experts and consultants, scientific 
working groups, peer groups, test facilities, science 
teams and all ESA internal costs have to be paid. 


The approved EMIR-! Programme incorporates a high 
degree of flexibility, enabling it to adapt to changes in 
related programmes (i.g. Columbus Precursor Missions) 
and to allow for timely adjustment to the emergence of 
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new scientific results, or scientific focusing, which might 
require a change in scientific emphases. 


Germany: DLR Launcher Project Outlined 


MI11401092294 Cologne DLR-NACHRICHTEN 
in German Nov 93 pp 48-52 


[Article by Dr. Dieter M. Wolf of the German Aerospace 
Research Institute’s Central Space Systems Analysis 
Department: “The Evolutionary DSL Space Carrier 
Concept”; first paragraph is DLR-NACHRICHTEN 
introduction] 


The DSL space carrier concept constitutes a promising 
component for a future space launcher family. The 
following paper sets the concept out in detail and pre- 
sents the initial results. 


In comparison with launch systems currently in use or 
under development, such as Ariane-4, Ariane-5, the 
Space Shuttle, etc., future space launch systems must 
basically be cheaper to launch, more reliable, safer, 
especially when used for manned missions, they must 
allow launches in rapid succession and on demand, and 
be environmentally acceptable. 


Aerospace planes, a rough term for horizontal-takeoff 
space launch systems with air-breathing engines, meet 
many of these requirements. Their horizontal takeoff 
and air-breathing engines give them significant inherent 
safety and reliability advantages over conventional ver- 
tically launched systems. For instance, a horizontal 
launch may be aborted at practically any point in the 
whole launch phase, as the abort maneuvers are consid- 
erably less critical than with a vertical launch. Aerospace 
planes also permit a relatively high launch frequency, as 
they only require a conventional runway, not a special 
launch pad with a launching tower. 


DSL is a two-stage space launch system with a supersonic 
carrier aircraft as its first stage and a variety of types of 
second stage. The potential range of second stages for the 
DSL stretches from conventional expendable systems, via 
the partially recoverable systems of the immediate future, 
to the fully reusable systems of the distant future, with 
either straight rocket or combined air-breathing and rocket 
engines. The DSL concept thus paves the way for the 
evolutionary development of a fully reusable space carrier 
family using a supersonic carrier aircraft that will remain 
more or less the same. This in itself holds out considerable 
further development potential, for instance in the direc- 
tion of a supersonic carrier. 


Devel nt Characteristics of the Supersonic Carrier 
co 

The design of the DSL supersonic carrier aircraft is 
determined by the following requirements: 


1. Avoidance of heating-up problems as in hypersonic 
first stages; 


2. Use in principle of available aircraft technology; 














#0 WEST EUROPE 


3. The second stage to dock into a recess on the under- 
side of the fuselage. 


To meet the first design criterion, the carrier is a rela- 
tively simple modification of the supersonic carrier 
aircraft in current use. The operational maintenance, 
servicing, and overhaul requirement for first stages gen- 
erally rises in proportion to the thermal stress to which 
they are exposed, or in other words, to the potential or 
actually obtainable Mach number, especially when an 
extra thermal protection system is required. For 
instance, hypersonic first stages must be inspected after 
every flight and the structure, which is exposed to high 
thermal siress, and thermal protection system must be 
overhauled. In the DSL concept, therefore, the separa- 
tion Mach number is limited so as to obviate the need for 
an extra thermal protection system for the supersonic 
carrier aircraft. 


In terms of materials and construction methods, the use 
in principle of available aircraft technology means 
employing conventional materials such as aluminum, 
titanium, and alloys thereof along with carbon fiber- 
reinforced plastic components etc. The top design sepa- 
ration Mach number is therefore determined by the 
maximum operative range tolerated by these materials. 
In terms of the propulsion system, available technology 
means using kerosene turbo engines. Although it is not 
state-of-the-art, the use of liquid hydrogen-burning tur- 
bojets is being analyzed in parallel, with a view to 
evaluating and assessing the impact of this technology on 
the overall system. Both these propulsion concepts allow 
for an optional extra rocket engine, as this can facilitate 
acceleration to separation Mach number and have a 
positive effect on the overall mass of the carrier aircraft. 
No aerodynamic support is required as a result of having 
the second stage dock into a recess on the underside of 
the supersonic carrier aircraft. Moreover, it gives the 
DSL concept flexibility as to the type, size, and mass of 
the second stage. 


Potential Types of Second Stage 
The range of potential types of second stage is as follows: 


—Conventional expendable stages for carrying payloads 
(e.g., similar to the Ariane-5 central stage with payload 
cladding), which could be replaced at a later stage of 
development by a reusable propulsion and avionics 
module. Instead of a payload, various smaller systems 
can be carried in this stage, for example: 


a) capsules (including supply module); 


b) winged systems for personnel transport (such as 
Hermes or the PLS personnel launch system); 


c) logistics vehicles (such as the ATV automated 
transfer vehicle); 


d) demonstrator vehicles (for demonstrating ‘‘tail on” 
or “head on” reentry and vertical landing on Earth, 
for example); 
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—Reusable winged systems with rocket propulsion, 
both conventional-design systems and CCV (con- 
trol configured vehicle) systems or lifting bodies 
being conceivable; all these concepts can be 
either manned or unmanned; 


—Reusable systems with air-breathing propulsion, of 
the ramjet or scramjet type, for instance, both 
manned and unmanned versions being conceiv- 
able. 


In particular, the supersonic carrier aircraft can be used 
to carry experimental ramjet and scramjet aircraft. The 
supersonic carrier aircraft can also be used to launch 
smaller multistage systems such as Pegasus or a hypo- 
theiical “supersonic Pegasus.” 


Separation Mach Number Ranges 


The first two design criteria for the supersonic carrier 
aircraft give a top separation speed in the Mach 3-3.5 
(Mach 4) range. As the separation Mach number should be 
as high as possible with rocket-propelled second stages so 
as to achieve a high payload-mass ratio, these systems are 
basically separated from the carrier at the top sustainable 
or obtainable Mach number. With second stages with 
air-breathing (ramjet or scramjet) engines, on the other 
hand, the separation Mach number is in the Mach 1.5-2.5 
range so as to exploit the full potential of air-breathing 
propulsion. As a result, the DSL concept has two potential 
separation Mach number ranges, one from Mach 1.5 to 2.5 
and the other from about Mach 3 to 3.5 (Mach 4). 


Implementation Stages and Potential Spin-Offs 


In order to limit the development risk and, consequently, 
keep development costs as low as possible, the first gener- 
ation of the supersonic carrier aircraft will in all proba- 
bility use kerosene turbojets. The shorter the development 
timeframe available, i.e., the earlier the system is sched- 
uled to enter service (for instance, as the successor to 
Ariane-5), the likelier this is. The second generation of the 
supersonic carrier could then use liquid hydrogen- burning 
turbojets, which would comply with the main first gener- 
ation design criteria, i.e., basically, a maximum separation 
speed in roughly the Mach 3.5 range. However, it cannot 
be ruled out that, for example, the first generation of the 
supersonic carrier aircraft might already use liquid hydro- 
gen-burning turbojets for ecological reasons or with a view 
to creating spin-offs for aviation. 


In order to avoid a high development risk in connection 
with the second stage as well, conventional expendable 
systems can initially be developed. As explained in detail 
above, the further development potential of small reus- 
able systems for carriage with the expendable stages in 
place of a payload extends right up to air-breathing 
second stages, and various second stages or types of 
second stage can be run in parallel. 


The various types of second stage, however, reflect 
various levels of progress, primarily in the structural and 
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propulsion technologies. Merely building them thus con- 
stitutes an evolutionary development. The DSL space 
carrier concept with the supersonic carrier aircraft and 
the expendable second stage thus represents the true 
beginning of an evolutionary development toward a fully 
reusable space carrier family. 


As far as materials and construction methods are con- 
cerned, experience with earlier systems, such as the 
central stage of Ariane-5, can contribute to the develop- 
ment of the expendable second stage. As will become 
apparent below, the rational solution for this type of 
second stage is a rocket engine with characteristic param- 
eters such as mixture ratio and specific impulse similar 
to those of the Space Shuttle main engine (SSME) or the 
RD-0120 Energiya central stage engine. 


The development of the small reusable manned carrier 
will be able to benefit from know-how and experience 
acquired to date from the Hermes and Hermes Tech- 
nology programs, although there is an enormous devel- 
opinent requirement here with regard to materials and 
construction methods, thermal protection systems 
included. 


The evolutionary development of the fully reusable types 
of second stage is expected to produce spin-offs in 
materials and construction methods from the small 
carrier for the type of reusable second stage with rocket 
propulsion, and from this system for the type of second 
stage with air-breathing propulsion. Nevertheless, they 
all present a considerable development requirement. As 
far as the propulsion system is concerned, the rocket- 
driven type of second stage benefits from engine devel- 
opment for the expendable system, especially if a reus- 
able propulsion and avionics module for the expendable 
system is developed in the course of time. Nevertheless, 
a new engine type for this type of second stage could 
bring advantages. Compared with the current state of the 
art, the type of second stage with air-breathing propul- 
sion requires considerable development work on the 
propulsion, including engine-fuselage integration. The 
development of the air-breathing propulsion can benefit 
from the experience, know-how, and developments pro- 
vided by the German hypersonic technology program 
and the French Prepha program, and further know-how 
in this area might be acquired from the CIS states. 


In one potential development building on the supersonic 
carrier aircraft, the separation speed will be substantially 
higher than Mach 3.5, for instance Mach 5. The 
advances expected by then in materials and construction 
methods, in particular with regard to hot bearing struc- 
tures, should make it possible to retain most of the 
advantages of the supersonic carrier aircraft. Basically, 
this means avoiding an extra thermal protection system. 
Various propulsion concepts are conceivable for this 
carrier aircraft, for instance liquid hydrogen-burning 
turbojets plus rocket engines or liquid hydrogen-burning 
turboramjets. Spin-offs from the air-breathing second 
stage type are to be expected in the latter case. 
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Basically, only reusable rocket-driven systems are being 
considered as potential second stage types for this gen- 
eration of the carrier aircraft, expendable systems not 
being ruled out for carrying heavy payloads. As the 
higher separation speed gives second stages with air- 
breathing propulsion no advantage, there is no point in 
developing a second generation of these systems. 


The DSL concept is expected to produce further spin- 
offs in several areas. Firstly, the supersonic carrier air- 
craft could result in spin-offs for aviation, primarily with 
regard to turbojets and materials and construction 
methods. 


The development of aerospace planes, which is conceiv- 
able in the distant future, could exploit the technologies 
of both the supersonic carrier aircraft and the various 
types of second stage. The main impact of spin-offs from 
the supersonic carrier aircraft would be on propulsion 
systems (LH2 turbojets, possibly LH2 turboramjets), 
whereas those to be expected from the various types of 
second stage would mainly affect materials and construc- 
tion methods and air-breathing propulsion. Neverthe- 
less, single-stage aerospace planes still require consider- 
able development work on materials and construction 
methods and on the propulsion system. 


In addition to the aforementioned spin-offs for aviation 
and/or for the single-stage aerospace planes of the distant 
future, the DSL concept holds out unique opportunities 
for an international space carrier system. For example, 
the supersonic carrier aircraft could be developed as an 
international or world program. However single coun- 
tries with their own space programs could pursue the 
development independently of one another. The second 
stages can also be developed by single countries with 
their own space programs according to their specific 
needs and their level of technological progress. 


Initial Results 


Initial studies on the DSL space carrier concept were 
carried out at a separation speed of Mach 3.5. In order 
not to exceed a pad weight of about 500 Mg [myria- 
grams] for the overall system, the pad weight of the 
second stages immediately after separation from the 
carrier aircraft was set at 200 Mg for the purposes of the 
studies. 


In addition to analyses for an expendable second stage, 
the same calculations were also performed for a reusable 
second stage with rocket propulsion. Both Vulcain- 
derived and SSME-derived engines were used as the 
propulsion for both types of second stage. The resulting 
payload weights for a 400-km orbit are set out in figure 
5. The SSME derivates gave the expendable second stage 
a payload capacity of just under 19 Mg and the reusable 
second stage one of approximately 8.5 Mg. The propul- 
sion concept considerably affects payload capacity. 
Using Vulcain derivatives reduced the payload capacity 
by about 5 Mg in the expendable second stage and by 
about 3.5 Mg in the reusable system. 
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Initial analyses for the supersonic carrier aircraft gave a 
pad weight of around 300 Mg: about 200 Mg empty 
weight plus 100 Mg fuel. The carrier aircraft is propelled 
by a total of eight scaled Olympus engines with an overall 
installed ground thrust of about 2,860 kN [kilonewtons]. 
The vehicle is about 70 m long and has a wingspan of 
approximately 50 m. 


The payload capacity of the reusable second stage pro- 
pelled by SSME-derived engines is about 1.6 percent of 
the pad weight of the entire system. This payload ratio is 
only marginally worse than in the Saenger with an 
unmanned upper stage but is achieved with a first stage 
of substantially more conventional technology. Using 
liquid hydrogen-burning turbojets in the carrier aircraft 
raises the payload ratio, which ought even to exceed that 
of the Saenger. Not least in the light of these results, the 
DSL concept constitutes a promising version of a future 
space carrier system or family and merits further, more 
detailed studies with regard to both concept verification 
and potential spin-offs. 


Italy: Defense Ministry Space Programs Assigned 
to Air Force 


M12801102494 Rome SPAZIO INFORMAZIONI 
in Italian 17 Dec 93 p 3 


[Text] The Joint Chiefs of Staff committee has recently 
assigned the Air Force the management of space pro- 
grams currently being developed within the framework 
of the Ministry of Defense Military Space Plan. This was 
confirmed by Air Force Chief of Staff Gen. Adelchi 
Pillinini at a meeting with journalists from UGAI (Ital- 
ian Aerospace Journalists Association), who also stressed 
that “all three branches of the armed forces will be 
involved in the development of space programs” and 
that the above mentioned committee has assigned the 
Air Force in particular with “the management of the 
SICRAL (Italian Satellite for Confidential and Warning 
Communications) and Helios programs.” SICRAL is a 
national satellite for government communications and 
Helios, which is currently under development as part of 
a cooperation accord among France, Italy, and Spain, 
will be used for strategic observation. 


As for SICRAL, it has been made known that COSTAR- 
MAEREO (Ministry of Defense Headquarters for Aero- 
nautical and Space Construction) should issue the RFP 
(Request for Proposal) for the satellite’s development in 
early 1994 and that this should be followed by the 
signing of a contract with Alenia Spazio. The overall cost 
of the program is estimated at 500-550 billion lire and 
includes the construction of a single satellite, its 
launching into orbit (probably using the European Ari- 
ane-4 launcher) and the TT&C (Remote Control, Telem- 
etry, and Control) ground station. The SICRAL launch is 
expected to take place by 1997. 


A Space Activities Office divided into two sections, 
Space Policy and Space Programs, was recently estab- 
lished within the 4th Division of the Air Force Chief of 
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Staff and will be directed by Col. Giuliano Giannone to 
better carry out the mandate on the management of 
defense space programs. 


Italy: Launcher Project Advances 


M12601 144994 Rome SPAZIO INFORMAZIONI 
in Italian 17 Dec 93 p 2 


[Text] It appears that some good news about the devel- 
opment of the new VEGA (European Advanced Gener- 
ation Carrier, an original acronym that reveals the inter- 
national ambitions of the program) Italian launcher 
project, has reached the management of BPD Difesa e 
Spazio (Gilardini/Fiat group) during these last weeks of 
1993. In fact VEGA uses technologies that have been 
perfected by BPD for other national and European 
projects (these being the boosters for the Ariane 
launchers, the Zefiro propulsor and the perigee engine 
IRIS [Italian Research Interim Stage]) and uses the same 
philosophy as the San Marco Scout launcher, designed 
some years ago by Prof. Luigi Broglio of La Sapienza 
University in Rome. 


The first piece of good news came from the Italian Space 
Agency (ASI). ASI Commissioner Prof. Giampietro 
Puppi appears to have signed a contract valued at about 
10 billion lire that would allow BPD and the other 
subcontracting companies, Contraves Italiana and Riva 
Calzoni, to acquire the necessary sophisticated technol- 
ogies for the development of the new launcher. Secondly, 
another go-ahead for the VEGA, that is no less impor- 
tant, seems to have come from the commission of 
experts nominated last summer by University and Sci- 
entific Research Minister Prof. Umberto Colombo to 
definitively settle the question of the realization of a 
national light launcher and what has become the violent 
contraposition of the two programs that have been 
launched by the ASI in this sector. On one hand there is 
the San Marco Scout, proposed by Rome University, 
using mainly technologies and subsystems that have 
been produced by the U.S. company LVS, and on the 
other hand there is the VEGA, that initially started as a 
progressive industrialization and Italianization of the 
San Marco Scout, but that has slowly acquired its own 
form, proposing itself as a valid alternative. The com- 
mission of experts, presided over by Dr. Sergio Ristuc- 
Cia, a magistrate from the State Audit Court, has recently 
ended its work and delivered its conclusions to Minister 
Colombo. According to some indiscretions, the Ris- 
tuccia commission has expressed a negative evaluation 
of the San Marco Scout project, mainly because this 
carrier would use technologies that are now obsolete, and 
because the public funding that would be necessary to 
update it would largely be spent in the United States, 
without a valid economic and technological return for 
our country. Vice versa, the report of the commission 
would have expressed a favorable opinion on the devel- 
opment in Italy of an industrial project (this being the 
VEGA). It also confirms that there are real market 
possibilities for a light launcher able to launch small 
scientific, applications, and commercial satellites, 
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weighing between about +00 and 1,000 kilograms, into 
low orbits. According to some estimates, the current 
BPD project, which has been derived directly from the 
so-called “F configuration” of a study of an optimized 
national launcher, that was put forward by the ASI 
would have global development costs of about 400 
billion lire. The most important market opportunity for 
the VEGA, apart from the eventual launching of small 
scientific satellites for the ASI, such as the CESAR 
{Central European Satellite for Advanced Research], 
would today seem to be flights to put the Iridium 
satellites, developed by the U.S. Motorola company for 
the Motorola global personal communications system, 
into orbit. This business involves between two and four 
launches each year for at least 10 years. The VEGA, 
which could be sold at about $14 million, should be the 
ideal candidate. This depends on whether Italy, the ASI, 
and BPD quickly manage to demonstrate (some say 
before 1996) that they possess an effective and reliable 
launching system and that they do not just have one of 
the many “dreams in the drawer.” 


European Transonic Wind Tunnel Inaugurated 


MI12601142694 Bonn BMFT JOURNAL in German 
Nov 93 p 18 


[Text] The European Transonic Wind Tunnel (ETW) 
will considerably enhance the competitiveness of the 
German and European aviation industries. After five 
years in the building, close to the German Aerospace 
Research Institute (DLR) in Cologne-Porz, the wind 
tunnel has now been officially opened by Federal 
Research Minister Dr. Paul Krueger and will be fully at 
the disposal of the aviation industry and aerospace 
research for aerodynamic tests on future aircraft config- 
urations from mid-1994 onwards. 


The wind tunnel represents a decided breakthrough in 
aviation test engineering in Europe, as it explores new 
ground in operational and test technology. The operating 
concept is based on what is known as the cryogenic 
principle, whereby the high Reynulds numbers typical of 
the transonic range are achieved not by using large 
aircraft models, as was previously the case, but by 
injecting liquid nitrogen to obtain a drastic reduction in 
the temperature of the flow medium, to as low as minus 
180 degrees Celsius. 


This entails a number of advantages: The wind tunnel 
itself can be significantly smaller, and this in turn makes 
for considerably lower plant costs. Operating costs are 
also substantially lower than those of comparable con- 
ventional plants. 


Present-generation passenger aircraft and those of the 
coming decades mostly fly at just under the speed of 
- sound. This gives rise to locally occurring supersonic 
fields with vibrating compression shocks on the upper 
sides of airfoils. This can lead to flutter phenomena on 
the airfoils and result in flight characterized by irregular 
shuddering. In the near-supersonic range, design and 
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fluidic measures that prevent or attenuate these com- 
pression shocks also achieve a marked reduction in 
aerodynamic drag and, consequently, make for consid- 
erable fuel savings. 


With the ETW, engineers are acquiring an ultramodern 
tool that will enable them to determine the final config- 
uration of a new aircraft from model measurements 
much more accurately then before, thus obviating the 
need for expensive modifications in the light of subse- 
quent flight testing. 


The four states involved are sharing the 660-million 
German mark building costs as follows: United 
Kingdom and France 28 percent each, the Netherlands 
6 percent, the BMFT [Federal Ministry of Research 
and Technology] 27 percent, the Land of North Rhine- 
Westphalia 10 percent, and the German aviation 
industry one percent—a further step in the direction of 
European integration in aeronautical research and 
development. 


SPOT 3 Microsatellites Described 


94WSOO80B Paris AFP SCIENCES in French 
23 Sep 93 pp 9-11 


[Text] Kourou—Europe’s 59th Ariane rocket was sched- 
uled to make a one-shot launch of seven satellites during 
the night of 24-25 September, between 0127 and 0145 
hours UT. One of them was the SPOT 3, France’s third 
Earth observation satellite. Its siblings were launched in 
1986 and 1990, and served in the Gulf War in addition 
to performing their overwhelmingly civilian duties. 


Arianespace decided to employ the least powerful of its 
models, the Ariane-40, for the flight. Though it has no 
strap-on booster, the 40 is still more than sufficient for 
the job. 


The multiple launch has nothing in common with the 
volley firings (eight satellites at once) of Russia’s Proton 
rockets. The 3ist Ariane-4 is being asked to place into 
polar orbit at 820 km above the earth total payload of 
2,357 kg, including 2,118 kg that make up the total 
weight of the 7 satellites. 


SPOT 3 alone weighs 1,907 kg at launch, while its 
seven traveling companions weigh between 12 and 90 
kg. The heaviest of them, STELLA, a National Center 
for Space Studies (CNES) space geodesy satellite, will 
circle the Earth for 2,000 years as part of the world 
laser satellite network to study global deformations. It 
will be France’s second contribution to the project 
since Starlette in 1975. 


Ariane’s 59th flight has essentially been set aside for 
SPOT-3, and will thus insure the continuity of Earth 
observation using the SPOT pictures that are marketed 
by Spot Image and its international subsidiaries. Pres- 
ently the world leader in remote sensing, ahead of the 
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Americans, Spot Image must defend its hard-..on posi- 
tion against growing competition from American, Rus- 
sian, and—soon—Japanese firms. 


Besides the obvious military uses (surveillance, spying, 
tactical tracking, and strategic preparation), Earth obser- 
vation has other, civilian and scientific purposes. SPOT 
has uncovered previously unknown faults in the Hima- 
layas, facilitated the drawing of accurate relief maps, 
detected new mineral resources, and evaluated harvests 
and crop and forest diseases. Oil companies employ Spot 
documents (detection, exploration), which are also used 
to monitor ocean pollution, study urban centers and 
archeological sites, and so on. 


Spot images are not photos taken at an altitude of 800 
km. They are a succession of computer data that are 
recorded aboard the satellite and sent to earth stations. 
The Toulouse processing center extracts, at customer 
request, the desired marrow. Whether displayed in true 
or false colors, the magnificent images recreated by 
SPOT are like so many abstract paintings showing atolls, 
sebkhras (salt-water swamps), volcanic cones—and even 
the Eiffel Tower's shadow on the Champ de Mars, the 
cargo boats in front of the Statue of Liberty, Chernobyl’s 
smoke plume, or burned Kuwaiti oil wells. French armed 
forces are using Spot technology to develop the future 
military satellite Helios in conjunction with Matra and 


the French space agency. 


SPOT 3 is identical to its predecessors and will be 
followed in 1997 (perhaps sooner) by SPOT 4, and in 
2000 by SPOT 5. The 4th and 5th versions of the satellite 
are expected to have an orbital life exceeding the current 
three years, and resolution of less than 10 meters. They 
will be equipped with infrared radiation detectors, and 
will be able to shoot one region from two different angles 
while traveling the same orbit. 


It had become urgent to launch SPOT 3. Although still 
alive and kicking despite its launch date of 22 February, 
1986, SPOT | has no recorder at this point. And the 
recording equipment of SPOT 2, which was launched 22 
January, 1990, is also showing signs of fatigue. 


SPOT 3's Five Microsatellite Companions 


The five microsatellites that will be making the trip with 
SPOT 3 are American, Portuguese, Korean, and Italian. 
They weigh from 12 to 50 kg, and will all be placed into 
polar orbit at an altitude of 800 km. 


The launch costs of microsatellites are minimal since 
they are launched with big ones, and the smaller satellites 
are considered one of the best ways to test new, often 
complex techniques being developed in university 
research centers and laboratories. Microsatellites are 
playing an increasingly important role in preparing the 
technologies of tomorrow. 


The 1 2-kg Italian satellite ITAMSAT is being sent up by 
the Associazione Radioamatori Italiani to exchange the 
messages of its radiohams with the rest of the world. It 
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was built by the American firm Interferometrics. EYE- 
SAT-A, 12.5 kg, is an experimental satellite for the 
location and monitoring of industrial equipment, to 
provide information about the equipment to its manu- 
facturers. The first should operate for between seven and 
ten years, and the second from five to seven years. 


The other three fall into the 50-kg weight class and 
employ the same platform design, which was devised by 
Surrey Satellite Technology Lid. SSTL is a subsidiary of 
Britain’s Surrey University, one of the world’s leaders 
for this type of microsatellite. 


The chief aim of the Portugeuse satellite POSAT-1 is to 
stimulate and train Portugal’s space applications 
industry. It will receive and transmit images and mes- 
Sages using signal compression. The microsatellite will 
establish its position with the help of the American 
Global Positioning System (GPS), and will measure the 
radiation it receives and the effects of that radiation 
during its five years in orbit. 


HEALTHSAT-1, sponsored by SateLife (United States), 
is humanitarian in purpose, and will supply information 
to medical schools and universities, hospitals, and health 
documentation centers in Africa. 


Finally, Korea’s KITSAT-B will conduct telecommuni- 
cations experiments designed to round out those of its 
sibling, KITSAT-A, which Ariane has already launched. 
Integrated and tested in South Korea by SaTReC (Satel- 
lite Technology Research Center), the microsatellite will 
capture and process digital images, implement—also for 
five years—signal compression techniques, and receive, 
store, and transmit messages. 


STELLA, France’s New Space Geodesy Satellite 


STELLA is the National Center for Space Studies’ 
second contribution to the world network of laser satel- 
lites that are vital to space geodesy research. It consists of 
a uranium-238-alloy ball measuring 240 mm in diameter 
and covered with a skin bearing 60 reflectors. STELLA 
will serve until 2000 as a target for the lasers of world 
specialists who are studying the deformations of the 
Earth’s globe, the force of the Earth’s gravity field, and 
the variations in that force over time and space. 


Like Starlette, France's first geodesy satellite launched in 
1975, STELLA will enable scientists to measure ocean, 
ground, or atmospheric tides, the movement of tectonic 
plates, and the consequences of the variations in polar 
glacial masses for several decades. It will also add to their 
knowledge and understanding of convection motion 
inside the earth's mantle and offer new data for research 
into the Earth-Moon system. 


STELLA will be joining a constellation of laser-target 
satellites that travel orbits of varying altitudes and 
inclinations. Exact knowledge of their position is vital to 
gradually refining measurements and thus establishing 
the respective positions of the stations that “take aim” at 
the satellites. 
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Roughly the size of a soccer ball, STELLA will circle the 
globe at an altitude of 800 km and a speed of 28,000 
km/hr, along an orbit inclined 98 degrees. That gives you 
some idea of the crack marksmanship skills of the laser 
stations. Fortunately, the stations possess projected 
arrival times and astronomical tables, and their firing 
turrets are trained by computer. 


Several French teams under the umbrella of the Space 
Geodesy Research Group (GRGS) are coordinating the 
reception—notably at the Grasse station—and pro- 
cessing of the data obtained. In Europe, an organization 
called Eurolas is centralizing and distributing the raw 
data, organizing measurement campaigns, and putting 
together the astromical tables. 


Airbus Industrie Strategy Centers on A330 


94WS0108B Paris L’'USINE NOUVELLE 
in French 23 Sep 93 pp 22, 23 


[Article by Jean-Francois Jacquier: “Airbus Poises for 
the Recovery”; first paragraph is LUSINE NOUVELLE 
introduction] 


[Text] The A330 is the keystone of the European aircraft 
maker’s strategy. When the recovery kicks in, the new 
airplane should lure airlines, which will be introduced to 
the A321 in 1994, and the A319 in 1996. 


A stitch in time saves nine. That piece of advice from 
good, old Jean de La Fontaine is still giving Airbus 
Industrie managers headaches. 


Whiie the airliner market plunges to new depths, the 
European consortium—indifferent to the economic 
downturn—is stepping up the number of its product 
launches. In fact, it is sending up so many new airplanes 
that the whole thing looks like a fireworks show. Airbus’s 
A340 quadrijet went into service last February, while its 
twin, the A330 twinjet, is beginning its final phase of 
certification testing now. If everything goes as planned, 
the first A330 should join the fleet of Air Inter, which 
ordered !5 of them, in December. However, the airline 
might postpone delivery of the last 10, depending on 
how the economy looks. 


There is more. A month later, in January, 1994, Airbus 
will add a new member to its family with the A321, the 
new stretch version of the bestselling A320, assembled in 
Hamburg, Germany. It will be joined later by the A319, 
the small 130-seater whose 1996 birth was announced at 
the last Bourget Show. That makes four new programs in 
the space of four years, or almost one a year. Does Airbus 
think it is a car manufacturer? 


Most important is the question of how the European 
aircraft manufacturer plans to amortize the nearly Fr4.5 
billion it has invested in these developments. Its sales are 
at their lowest level ever (see table). Since | January 
1993, 58 Airbus orders have been canceled, against only 
27 new orders written. That is a negative balance of 31 
planes. And manufacturing plants are slashing thousands 
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of jobs: 3,000 at Germany’s Deutsche Aerospace, and 
1,600 at Aerospatiale’s airplanes division in France. 


The truth is, Airbus had little choice. Most of its new 
planes were launched before the recession. The decision to 
go ahead with the most expensive of the programs, the dual 
A330-A340 projec: ($3.6 billion in development costs), 
was made in 1987, three years before the slump began. The 
most recent arrival, the A319, is an exception, and meets a 
pressing market demand for small planes to serve airline 
“hubs” and regional routes. Moreover, as a derived model, 
the 319’s development costs are a modest $250 million. 
The challenge in the aeronautics industry is to make very 
long cycles to coincide with the abrupt turnarounds in the 
travel market. It takes five or six years to bring a new 
program to fruition, once the decision to launch it is made. 
And engineers design the new aircraft to last 20 years. That 
means manufacturers always base their strategies on long- 
term trends. The important thing is to constantly stay 
ahead of competitors, for technological innovation is what 
ultimately pays off. 


Innovation is what has enabled Airbus, which started from 
scratch less than 20 years ago, to challenge Boeing by 
capturing 30 percent of the world market. Its first move 
was to invent the concept of a large-fuselage, short-haul 
carrier (the A300). Later it gambled on automated cockpits 
with the A320. But to confirm its penetration of the Seattle 
giant’s market, Airbus still needed a complete family of 
airplanes. With its four new programs, it now has one. 
Even in the midst of a recession, say officials in Toulouse, 
a complete line “‘will limit the damage and help sell older 
models, inasmuch as airlines prefer homogeneous fleets, to 
save money.” The A330 will probably not lift Airbus out of 
the current doldrums. Its sales have topped out at 127 firm 
orders since the beginning of the year. On the other hand, 
Airbus managers are convinced that the airplane and its 
siblings are vital to the consortium’s “rebound” once the 
recovery kicks in. 


According to the two major launch airlines, Air Inter and 
Malaysia Airlines, the A330 is certainly not without 
assets. It is the world’s biggest twinjet, designed to serve 
both as a high-density (440 passengers) short-haul carrier 
and a long-haul plane (up to 6,000 km). This makes it 
extremely flexible to use. The A330 is even more fuel- 
efficient than any rival to date. It does not consume any 
more kerosene than the first A300s, and can carry 30 

t more. Outfitted with the same equipment as the 
A320, 321 and 340, the A330 offers fantastic produc- 
tivity gains, notably in maintenance and crew training. 
The same simulators mean the same procedures: A pilot 
can easily shift from one to the other in a few days time. 
It is easy to imagine how interested airlines are. “The 
A330 is a recession airplane,” claims Air Inter, which 
will be able to use it to prepare for a price war in Europe. 
The domestic carrier plans to employ the A330 on its 
most-traveled routes, i.e. Paris-Marseille, Toulouse, 
Nice, Strasbourg, and Montpellier. It will gain about 18 
percent on operating costs per seat. 


Meanwhile, the A340 quadrijet has acquired the nickname 
“World Ranger” since it captured the record for the world’s 
longest flight this summer in a 19,000-km trek from 
Bourget to Auckland, New Zealand. The A330, together 
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there was no market for an A330-A340 type airplane, 
Boeing is trying to counter the new threat from Europe 
with its 777 family. It is running two years behind. Only 
the future will tell which company took its stitch in time. 


with its A340 twin, is probably Airbus’s best weapon for 
the coming years, provided that traffic continues to pick 
up and transporters’ finances improve. Both Toulouse 
and Seattle believe they will. After long claiming that 





The Principal French A330 Equipment Suppliers 











































































































Firms Equipment 
ABG-Semca Alr intake system Air conditioning control 
system (chief contractor, 
Germany s Liebherr 
Aerotechnik) 
Aerospatiale Primary flight control In-flight alarm computers | Centialized maintenance 
computers system 
Samm Rudder servocontrols Elevator servocontrols Aileron servocontrols 
(chief contractor, Amer- 
ica’s Allied Signal 
Bronzavia-Air | Stabilizer control ball- 
Equipement screw 
ECE Electrical contactor 
control computer 
Turbomeca APU (auxiliary power 
unit) (chief contractor, 
America’s Garrett) 
Solartron Fuel control system 
Intertechnique | Hydraulic circuit Breaker monitoring case Avionic equipment venti- 
monitoring computer lation computer 
Messier-Bu- Front landing gear Wheels and brakes Brake regulation systems 
gatti 
Ratier Figeac Spotler servocontrois 
(chief contractor Ger- 
many’s Mannesmann- 
Rexroth) 
Sextant Secondary flight con- Radio-frequency control Electronic display system Flight control, guidance, Fuel manage- 
trol computers panel and flight envelope pro- ment system 
tection system 
Team Audtoce ation 
control case 
Airbus A330 Orders 
13 customer airlines 127 firm orders 
TWA (US) 20 
Northwest Airlines (U_S.) 16 
Air Inter (France) 15 
GPA (leaser, Ireland) 13 
IFLC (leaser, U.S.) 11 
Malaysia Airlines (Malaysia) 10 
Cathay Pacific (Hong Kong) 10 
Garuda Indonesia (Indonesia) Q 
Thai Airways (Thailand) x 
Korean Air (Korea) 7 
LTU (Germany) 5 
Euralair (France) 2 
Lufttrafik KB (Germany) | 








Since Continental Airlines (U.S.) canceled its order, orders for the A330 have been flat. 
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French Firm Invents Superplastic Forming 
Process 


94WS0109C Paris L'USINE NOUVELLE 
in French 23 Sep 93 p 77 


[Article by Tanguy Hugoo: “Prodem Introduces Super- 
plastic Forming of Pipes”; introductory paragraph in 
boldface as published] 


[Text] The process has many advantaes. A savings in 
time (one hour to do a job that used to take 25 hours), a 
25-percent reduction in cost, and quality clos2 to :hat of 
the finished product. 


The superplastic forming of titanium sheets is well 
known, especially in the fields of aeronautics, aerospace, 
and armament. Now the same technology is being 
applied to the production of pipes in complex conical 
shapes with chimneys and connectors. And all in one 
operation! Prodem (turnover of 20 million francs, 50 
employees), a subsidiary of Bonnans, Inc., is the com- 
pany rushing into the breach opened by Acrospatiale and 
press manufacturer ABC. The young Toulouse firm has 
just filled the slot and is marketing titanium hot-air 
pipework for the Airbus 4 i.°0 and A340. A result of 
research conducted by Aerospatiale, pipe forming con- 
sists of “inflating” an airtight titanium pipe. One end of 
the pipe is blocked shut, after which a nozzle is attached 
to the other end to inject argon with a pressure of about 
10 bars. Upon being heated to a temperature of 900 
degrees C., the alloy of superplastic titanium (enriched 
with six percent aluminum and four percent vanadium) 
expands as much as 600 percent in the press, hence its 
name “superplastic.”’ The pipe expands to fit the mold in 
which it has been placed. The resulting surface smooth- 
ness and quality are close to that of the finished product. 
So much so that the forming process eliminates the 
traditional machining and welding operations—as well 
as the string of inspections accompanying them. As a 
result, the metallic structure of the titaniurn does not 


undergo change. 


Another advantage is that “a piece can be completed in 
less than an hour. Compared to traditional boilerwork, 
which would require 25 hours,” explains Yves Marcel, a 
development engineer at Prodem. The result in the case 
of short runs is to make the cost of a piece 25 percent less 
than it would be in traditional boilermaking. Despite 
that, the “entry ticket” remains high: about 150,000 
francs for a mold of refractory steel. In addition, the 
price of titantum—over 300 francs per kilogram—does 
not make the development of applications easy. As 
regards the Prodem shop’s production capacity, it is 
limited, the reason being that “one must allow from 10 
to 12 hours for heating the press to 900 degrees C. And 
during the rest of the day, one can form about 10 pieces,” 
says Marcel. That rules out any mass production. The 
consequence is that unlike superplastic aluminum, 
forming titanium pipe remains limited to the aerospace 
industry. Despite everything, Prodem is confident that 
Russian titanium will soon arrive on the market. Since 
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the Russian product costs 30 percent less than titanium 
from the United States, which currently has a monopoly, 
it may be that the process will spread to other industrial 
sectors. 


BRITE-EURAM Project on Integration of Super 
Jumbo Engines 

94WSO0088C Stuttgart FLUG REVUE in German 
Nov 93 pp 76-78 


[Article by Heinrich Hemker under the rubric “Technol- 
ogy Journal”: “BRITE-EURAM Project in the Wind 
Tunnel. Integration Problem for Super Jumbo Engines”; 
first paragraph is an introduction] 


[Text] The fan’s diameter can be increased in order to 
lower the fuel consumption of today’s turbofan engines. 
However, it will be ever more difficult to integrate the 
larger engines into the aircraft. Now this problem has 
been studied in the wind tunnel. 


Today’s passenger airplanes are propelled by turbofan 
engines. Unlike jet engines that work with just one 
region—the combustion region, in such a two-region 
engine an additional turbine drives a fan. This has 
exclusively the task of accelerating ambient air to the 
rear and thus of providing additional thrust. Therefore, 
the bypass ratio (BPR) is an important characteristic for 
rating these engines. It gives the ratio of the air mass flow 
rate in the outside fan region to the air mass flow rate of 
the inside hot region. The engines used today work for 
the most part with a bypass ratio of between four and six. 


The principle of conservation of momentum of physics 
is used in order to calculate an engine’s thrust. As 
applied to a turbofan, it means: The thrust is equal to the 
moving air mass flow rate times the change in velocity 
between the inlet and outlet planes of the engine. rrom 
this one can construe that increasing the air mass flow 
rate makes it possible to reduce the velocity difference 
with the same thrust. This has the direct result that the 
requisite fuel consumption and accordingly the emission 
of pollutants too are reduced substantially. A reduction 
in consumption of 10 to 15 percent is achievable in 
practice. Thus, in increasing the air mass flow rate in 
turbofan engines there is considerable potential for 
building more environmentally compatible engines. 


If this principle is embodied, one arrives at so-called 
very-high or, as the case may be, ultrahigh bypass (UHB) 
engines. But a higher bypass ratio also means that the 
engine’s outside diameter increases as compared with 
that of today’s turbofans. This is their disadvantage. 
Because of the larger dimensions, the problem of the 
interaction of the airframe and engine becomes still 
more important, because the aerodynamic interference 
brought about grows strongly in significance. On that 
account, in order for the possible consumption advan- 
tages not to be reduced because of the increasing drag of 
the overall configuration of the airplane, it is necessary 
to provide, at the preliminary stage of the development 
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of new aircraft—super jumbos, for example—the theo- 
retical and experimental tools for dealing with the inte- 
gration problem. 


The “Ducted Propfan Investigation” (DUPRIN) assign- 
ment has been taken up as part of the European Com- 
munity’s BRITE/EURAM subsidy program, in view of 
the importance of this problem. Under the lead manage- 
ment of Deutsche Aerospace Airbus, 14 European part- 
ners from industry, research and higher education are 
working on supporting, through research on the integra- 
tion problem, the development of engines having a 
higher bypass ratio. The DUPRIN team has managed a 
first step via wind tunnel measurements in the German- 
Dutch Wind Tunnel (DNW). Important results for the 
UHB-engine integration problem have been able to be 
obtained by the first successful employment of UHB 
simulators with a contrarotating fan. Measurements in 
the same wind tunnel model with conventional turbofan 
simulators had already preceded these studies. The wind 
tunnel model and simulators were made true to scale. 


According to Heinz Hoheisel of DLR [German Research 
Institute for Aerospace] in Braunschweig, the develop- 
ment of the UHB simulators was a particular problem. A 
compressed-air-driven four-stage turbine having an 
output of 162 kW drives via a reversing gear an eight- 
blade contrarotating fan having a diameter of 254 milli- 
meters. The prototype of the new engine simulator, 
designated CRUF, is based on the MTU-CRISP 
[Motoren- und Turbinen-Union GmbH [Engine and 
Turbine Union Limited Liability Company] Counter 
Rotating Integrated Shrouded Propfan] design and was 
developed by DLR in Braunschweig together with 
Dynamic Engineering, Inc. of Virginia, USA. A second 
simulator was developed and built by the Technofan 
company in Toulouse, France, on the same basis within 
the framework of the DUPRIN assignment. 


Encouraging Test Results 


In contrast to conventional turbofan engines, whose 
optimal position on a passenger aircraft’s wing is known, 
an expectedly favorable position has to be found first for 
the new engine design. The capabilities of computer 
simulation, for one thing, are helpful for this. The flow 
pattern around the wing and engine can be assessed by 
means of its evidence. The drag behavior is of quite 
special importance in the integration problem for new 
engines having an increased bypass ratio, because the 
installation drag must not be greater than for conven- 
tional turbofans. The first measurements for the com- 
plete model were made for this purpose in the German- 
Dutch Wind Tunnel. The important aerodynamic 
forces—lift and drag—were determined by means of a 
new weighing machine incorporated into the wind 
tunnel model. In addition, pressure measurements were 
made at a total of about 800 pressure points on the 
surfaces of the fuselage, wing and engine cowling, in 
order to be able to assess more precisely the flow 
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behavior. This measuring equipment had to be accom- 
modated in the wind tunnel model, in addition to the air, 
oil and coolant supplies for the engine simulators. 


The test results gotten in the measurement rounds have 
encouraged the researchers. Additional assignments, 
designated in the DUPRIN program, on the integration 
—- for UHB engines are to begin now in the near 
uture. 


Airbus A330 Tests Show Lower Fuel Consumption 


94WS0088B Stuttgart FLUG REVUE in German 
Nov 93 p 58 


{Article by Norbert Burgner under the rubric “Aerospace 
Journal”: “Route Tests Successfully Concluded. Airbus 
330 Flies More Economically Than Expected”’; first 
paragraph is an introduction] 


[Text] Testing of the efficiency and reliability of the new 
Airbus 330 in daily scheduled use was the focus of the 
route tests that the European consortium conducted in 
cooperation with Malaysia Airlines and Air Inter. 


The first phase of the so-called route tests as the con- 
cluding part of the certification program for the new 
Airbus Wide-Body Twin A330 began at the end of 
August in Kuala Lumpur in conjunction with the Asian 
first customer, Malaysia Airlines. By 6 September the 
aircraft had passed in a total of 30 flights just under 103 
flying hours on the Asian airline’s domestic and interna- 
tional route network. In addition, in more than 40,000 
nautical miles (74,000 km) to Perth in Australia, Johan- 
nesburg, Tokyo, Kuching, Bangkok or Hong Kong, the 
Airbus offspring achieved 100 percent reliability, 
according to the company’s data. 


The second phase from 14 to 17 September with the 
short-route test on the routes of French launching cus- 
tomer Air Inter was just as successful. Equipped in a 
single-class configuration with a seating capacity of 412, 
the maxi-twin’s so-called high-density/high-frequency 
qualities above all were challenged here. Its ground 
handling characteristics—from docking at the gate and 
the passengers getting off, to new passengers getting on, 
and leaving the gate position—had to prove themselves 
during an average of five to six flights per day over routes 
with a time in operation of between 60 and 80 minutes— 
like, for example, from Paris-Orly to Toulouse, Bor- 
deaux, Marseilles or Nice. 


The company says that there were striking results during 
the route tests, but above all even for the efficiency data 
obtained during flight. ““The total weight of the A330 is 
approximately 1.5 tons below the airline guaranteed 
values of 217 tons maximum. Not least, its take-off and 
landing properties could be improved because of this. 
But it is much more important that the fuel consumption 
was able to be lowered once again by a good two 
percent,” stated Gérard Guyot, head of Airbus Flight 
Division’s testing and development department. In com- 
parison with its competitors—the Boeing 777 and the 
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McDonnell Douglas MD-11, the A330’s fuel burn on a 
2000-nautical-mile (3704-km) segment is between 17 
and 21! percent more favorable, according to Airbus 
statistics. This would represent a saving of between 
$600,000 and $1 million per year per aircraft. Lastly, for 
operating costs even a reduction of up to $3.1 million per 
year is realistic. The two U.S. manufacturers are doubt- 
lessly of a different opinion in this matter. 


Last but not least, in addition the A330 also successfully 
passed the certification test for long over-land and over- 
water flights by twin-jet aircraft. These ETOPS 
(Extended Range Twin Engine Operations) certification 
flights are for proving the safe continuation of a flight in 
case of an engine failure with multiple system failures at 
the same time—depressurization and failure of the elec- 
trical system and the generation of fumes, for example. 
Airbus Industrie will be supplying the A330 version 
furnished with Pratt & Whitney PW4168 or with Rolls- 
Royce Trent 700 engines with 90-minute ETOPS certi- 
fication for the time being. Aircraft with the now proven 
General Electric CF6-80E1 are being offered with 120- 
minute ETOPS certification, which means that, with the 
problems named above, an alternate airport has to be 
reached within two hours. 


Certification for the new Airbus is to occur some time in 
October after lastly approximately 1000 hours in flight 
testing. The delivery of the first of a total of 15 aircraft to 
Air Inter is to take place towards the end of the year. 
Malaysia Airlines is to receive the first aircraft from the 
middle of 1994, at an estimated price of about $115 
million apiece. 


ESA’s Plans for Ariane 5, Space Laboratory 
Viewed 


94WS0088A Stuttgart FLUG REVUE in German 
Nov 93 pp 32-33 


[Article by Volker Leuchsner under the rubric ‘‘Aero- 
space Journal”: “Capsule Instead of Hermes—or What 
Is Happening With the Space Laboratory? New Start 
for Europe’s Space Flights’; first paragraph is an 
introduction] 


[Text] ESA is pinning its future hopes totally on the 
launching capacity of the Ariane 5. The space laboratory 
is to be adapted for this and a capsule is to be developed 
as a taxi. But what Europe’s ultimate contribution to a 
global space station is to look like continues to be 
disputed. 


The persistent economic difficulties in its member coun- 
tries and the latest developments concerning the Amer- 
ican space station are now forcing the European Space 
Agency (ESA) too to reorient itself. Not even quite 10 
months after the ministers’ conference in Granada its 
director general, Jean-Marie Luton, presented at the end 
of September a new scenario that is to serve as a 
guideline to the year 2000. Manned space flights above 
all have been affected by the changes. 
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One has to adapt, Jean-Marie Luton stated. He said 
further that all the same Europe must not lose its status 
in space travel and has to make an independent out- 
standing contribution to the future global space station. 
Furthermore, in the context of financial and technolog- 
ical cutbacks, ESA is pinning its hopes on European 
participation in the space station and on greater cooper- 
ation with Russia. The Hermes shuttle is being canceled 
completely, and the Columbus world space laboratory is 
to be integrated in a diminished version into the new 
Manned Space Transportation Program (MSTP). 
Because both versions of the space station that are being 
discussed at present—with and without Russian partic- 
ipation—are now planning the docking of a European 
module not until the year 2002, the entire program is to 
be extended to this point in time and 4 billion European 
currency units [ECU] (8.2 billion German marks [DM}) 
are to be saved. Expenditures of ECU22 billion (DM45. 1 
billion) were planned in the Granada plan for the years 
1993 to 2000, and these are now to be limited to ECU18 
billion (DM36.9 billion) for the years 1994 to 2002. 
Everyone is being affected by hard times, the ESA chief 
said. The most important thing now, Luton said further, 
is to reorganize on the basis of clear performance targets 
and broad agreement and to remotivate the European 
partners in this manner. 


The foundations of the new scenario are the Ariane 5, 
whose development is to be sped up further without cuts, 
and the trio consisting of the APM (Attached Pressurized 
Module) space laboratory, ATV (Automated Transfer 
Vehicle) transfer vehicle and CTV (Crew Transport 
Vehicle) capsule, integrated into ihe MSTP program. At 
around DM14 billion, the CTV and ATV transport 
elements are to cost only approximately a third of what 
was estimated for Hermes. All three basic elements are to 
be designed so that they can be launched by an Ariane 5. 
The APM laboratory module is a diminished version of 
the Columbus module. Only five double racks for scien- 
tific experiments, instead of the originally planned eight, 
are to have a spot in it. With a total mass of around 10 
tons and a payload of 1.7 to 3.4 tons, it is approximately 
equivalent to the Spacelab. 


A ballistic re-entry capsule, that for reasons of cost is not 
to be reusable, is planned for the transport of astronauts 
and cargo. In the manned version it is to be able to 
transport from four to nine persons to the space station. 
The CTV is accordingly three times as large as the Soyuz 
and is to be simpler to handle and more precise when 
landing, Luton emphasized. The European design would 
also be ideally suited as a rescue capsule. 


The MSTP system will be completed with the ATV 
transfer vehicle. It is necessary in order to take the 
laboratory and the capsule to the space station and to 
dock them automatically there. Two versions weighing 
12.7 and 14.5 tons are being examined at present. 


The Ariane 5 would accordingly be the third carrier 
system in addition to the Shuttle and the Russian rockets 
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able to succeed in placing a space station in a 400- 
km-altitude orbit with an inclination of 51.6 degrees, as 
planned for the global station. Kourou’s location close to 
the equator presents further advantages here. Europe's 
new carrier rocket could, that is, as it is being developed 
at the moment, carry 18 tons to a station in this orbit. 
This is something absolutely new, and a strengthening of 
Europe’s position. In the original planning for Freedom 
the Americans permitted only Shuttle flights and 
charged a lot of money for them. 


However, ESA’s new plans also include an independent 
scenario for the case of cases that an international space 
station does not come off. Equipped with a logistics 
module and solar cell paddles, the APM could also orbit 
alone around the earth. Jean-Marie Luton emphasized in 
closing that the paper in question is a strategy document 
and is to serve as a reference point for the next two years. 
The first actual decisions are to take place not until at the 
next ESA ministers’ conference at the beginning of 1995. 


BDLI [Federation of the German Aerespace Industry] 
Fears Further Loss of Jobs 


It is uncertain whether ESA will manage to succeed 
with this plan with every member country. Though 
Federal Research Minister Kriger and his French and 
Italian colleagues agree that Europe in any case is to 
take part in phase two of the American-Russian space 
station, however, as it looks, there are various opinions 
about this. The new head of DARA [German Agency 
for Space Affairs], Dr. Jan-Baldem Mennicken, said to 
the press on this matter at the beginning of October, “It 
is also being considered whether it is not possible to do 
without an independent laboratory and integrate 
Europe’s contribution into a joint international labo- 
ratory.” Mennicken said further that this has to be 
discussed in the near future with ESA and the industry. 
Timetables, costs and any disadvantages have to be 
taken into consideration here. The maintenance of the 
industry’s technological capacity will play a decisive 
role in this discussion. But the APM is still a stipulated 
part of the program, he stressed. 


The chairman of BDLI’s space flight working group, 
Horst Rauck, demanded in this connection, in the light 
of further cuts in funds, ““The Europeans have to take 
part as equal partners in the global space station.” 
Keeping the German contribution for ESA at the 
earmarked sum of DM1.172 billion is the prerequisite 
for this, he says. Otherwise the further weakening of 
Germany as a site for industry and the loss of high- 
technology jobs are to be feared, he stressed. What will 
remain at the end, with the shrinking process of the 
Columbus European space station, is written in the 
stars. The Freeflyer was stricken off the list a long time 
ago already, and the docked laboratory (APM) has 
been scaled down and postponed once again. We will 
wait and see. 
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Germany: Space Capabilities of Former East 
German Entities 


94WS$0134D Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 25 Nov 93 p 8 


[Article by Wolfgang Engelhardt: “‘Eastern Germany’s 
Space Enterprises Hope for Better Participation in ESA 
Projects’’] 


[Text] Frankfurt—Included in the general efforts for 
economic integration by the new laender are also activ- 
ities to include the very efficient space capacities of the 
GDR in the western German and European satellite 
programs. Numerous problems must be solved for this, 
so that the enterprises which until now were oriented 
more toward the former East Block can learn, for 
example, to compete for industrial contracts from the 
European Space Agency, ESA. 


The first successes by the DASA [Deutsche Aerospace 
AG] and Zeiss company group in Jena with high- 
performance optoelectronic telescopes and satellite com- 
ponents are stimulating this difficult adjustment process. 
In order to accelerate this development, the German 
Space Agency (DARA) in Bonn recently arranged an 
industrial conference especially for those newly founded 
enterprises which also deal with satellite projects. 


What is involved is about 60 companies with 10,000 
employees, some of which often have only a few dozen 
people working in this field, however. DARA itself has 
supported the reorganization of the socialist research 
structures from the beginning, of course, and fought for 
the preservation of the highly qualified technical and 
scientific space capabilities in the new laender. 


Accordingly, this year DARA has distributed about 16 
percent of the national space flight budget of about 350 
million German marks [DM] to enterprises in eastern 
Germany and thus almost achieved a percentage which 
corresponds to the population figure. Three years after 
unification this is regarded as a very good integration 
result in the national space flight sector. 


On the international level, this inclusion of the eastern 
German satellite industry has not been very successful, 
however. To begin with, it involves concrete aid, such as 
how the new laender should actually apply to ESA for 
project participation. A complicated formalism is 
required for this, which can only be mastered after some 
practice. 


It begins with: the special English-American expressions 
and does not even begin to end with the knowledge of the 
ramifications of the European space flight industry. 
Concrete help is urgently needed, because in 1993 
eastern German companies were only able to obtain ESA 
contracts worth DM | million for preparatory studies. 
That is only a tenth of a percent of the German contri- 
bution of more than DM | billion to the European space 
flight organization this year. 
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In order to increase this share significantly, DARA, 
together with German Aerospace, recently invited ESA’s 
director general Jean-Marie Luton to Jena-Optronik in 
Thuringia, and Luton expressed himself quite impressed 
by the technical capability and the involvement of the 
approximately 100 employees, who previously devel- 
oped and built special cameras and other optoelectronic 
equipment for Russian space projects. 


The French research politician gave assurances that in 
the future the eastern German enterprises should have 
the same chance to obtain space flight contracts within 
the European framework as other ESA nations. The 
companies in Jena and other locations will get concrete 
opportunities for larger contracts as soon as the German 
and European space flight cooperation with Russia really 
gets under way, because that is where the eastern 
German experts, with their Russian knowledge and the 
experience they acquired at the time of the GDR with 
projects in the East Block, have clear advantages. 


Jena-Optik therefore calculates that it has good chances 
for getting several ESA contracts amounting to about 
DM 25 million next year. Above all, they involve the 
Omos-Ozone telescope for the Envisat satellite for atmo- 
spheric and earth reconnaissance, as well as a solar 
sensor for the Artemis communications satellite and 
components for the XMM X-ray telescope, which will be 
launched at the very end of the 1990s. 


Another important project for including eastern German 
capabilities in European space flight is being proposed 
by the Carl Zeiss company in Jena. This involves an 
astronomical telescope which is to be used for experi- 
ments in optical data transmission with the European 
Artemis communications satellite. 


This instrument is based on several other telescopes, 
which were previously built by VEB Carl Zeiss Jena for 
several observatories in the East. The telescope has 
received improved electronic controls and additional 
equipment for laser experiments. 


Despite the general economic problems, in the last few 
years a number of western German companies in the 
space flight industry have become involved in the new 
laender by taking over companies there with a similar 
production range or by founding new branch offices. 
This applies not only to large companies such as Deut- 
sche Aerospace or Carl Zeiss, but also to medium-sized 
systems enterprises such as CHB-Bremen and Kayser- 
Thede, Munich, as well as to many small companies. 


Korea’s Daewoo Builds TV Factory in France 


94WS0116D Paris L’'USINE NOUVELLE 
in French 4 Nov 93 p 42 


[Article: “Korea’s Daewoo Takes Root in Lorraine’’] 


[Text] Daewoo is inaugurating its TV factory in Fameck, 
Lorraine, after an investment of 155 million francs. Its 
planned capacity is 400,000 TV sets a year, and it will 
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employ 160 persons, then 350 persons in 1995. Initially, 
the cathode ray tubes will be supplied by European 
manufacturers. Beginning in 1995, they will be produced 
by the future plant for which Daewoo recently laid the 
first stone at Longwy. These two units will enable the 
Korean firm to strengthen its position in the European 
markets, while shedding their label as “assembly plants.” 


Portuguese Imagery Satellite Described 


94WS0101A Lisbon PUBLICO in Portuguese 
10 Nov 93 p 32 


[Article by Jose Vitor Malheiros: “PoSat-1’s Photo 
Album”; photographs mentioned in the text have not 
been reproduced; introductory paragraph in boldface as 
published]] 


[Text] The two video cameras carried by PoSat have 
already sent several hundred images back to earth, 
although only on an experimental basis for the time being. 
The (black and white) images are still being used only to 
fine-tune the programs, but the regions photographed are 
already recognizable. 


As far as the scientists responsible for PoSat-1 are 
concerned, the photographs illustrating this page are not 
even worth publishing. They are images obtained during 
the process of fine-tuning the two video cameras carried 
on the Portuguese satellite, and they are still a long way 
from providing the quality that it will be possible to 
achieve within a few weeks. But they do provide at least 
a sample of the capabilities of the instruments carried by 
the Portuguese satellite—even though it has not been 
possible so far to obtain the images of Portuguese terri- 
tory that everyone is waiting for. 


“We have not yet managed to obtain any image of 
Portugal because of the poor weather conditions,” we 
were told by Miguel Leitmann of the National Institute 
of Engineering and Industrial Technology (INET). 
“Every time we have used the cameras over Portugal, the 
only thing we have picked up is clouds.” 


But the difficulties inherent in obtaining images by 
satellite are far from being just a matter of atmospheric 
conditions. In fact, to obtain a good image with the two 
video cameras on PoSat—they are used not to film 
pictures but to obtain photographs—it is necessary 
above all to calibrate them to adapt them to the features 
of the desired image and thus obtain the maximum 
amount of information. Like commercial video cameras, 
the two on-board cameras—a wide-angle camera and 
one with a narrow angle—have electronic sensors to 
capture light. And it is the signals picked up by those 
sensors which, after being processed by the on-board 
computers, give rise to the images shown above. But just 
as a photographer has to first choose which film speed he 
will use, so it is also necessary in this case to adjust the 
kind of processing that is being used in order to obtain 
the best possible contrast. That is one of the jobs to 
which the PoSat team has been devoting itself. 





42 WEST EUROPE 


That calibration process is, however, relatively slow 
because it depends on the type of image captured: The 
way the camera is adjusted to obtain an image of the 
green Amazon Region is completely different from that 
used to photograph the white Antarctic or that used to 
photograph the sea. And again, the process can be 
compared point by point to what a photographer does to 
take a photograph (choice of film and choice of filters, 
shutter speed, and lens aperture), the only difference 
being that in the case of satellites, it is all done after the 
fact by a computer program that manipulates the data 
captured by the cameras. 


To be sure that the image processing programs they are 
using are the most appropriate, the members of the 
PoSat team have been trying at the moment to obtain 
images whose optical characteristics are well known (sea, 
ice, forest, and desert) so that they can use those images 
to calibrate the cameras—like natural “sighting instru- 
ments.” And only when all that is done do they expect to 
obtain images of good enough quality for use in man- 
aging natural resources or studying the dispersion of 
pollutants. 


Another difficulty still being posed by PoSat is its 
movement. At the present time, the satellite is still 
swinging like a pendulum and covering an angle of about 
9 degrees, and it is moving in a rotating motion. This 
means that it is still impossible—for the time being—to 
know exactly where the satellite is pointing, with the 
result that arduous searching in atlases is required to 
locate precisely the areas that were photographed. The 
fact is that because of the way PoSat-1! currently moves, 
the center of the images it captures may be anywhere 
within a circle having a 120-km diameter. If we add to 
that the fact that the camera with the narrowest angle 
covers an area measuring 160 km square (the wide angle 
covers almost an entire continent), it is easy to see the 
difficulty of determining location. 


In the images we show here, the difficulty of determining 
location is increased by the fact that the regions photo- 
graphed are distorted in relation to the image we are 
accustomed to seeing on maps. The reason is that many 
of the images were captured while the satellite was 
“looking to the side.” 


But all those difficulties are expected to diminish when 
the satellite starts using two of its position-finding and 
attitude-indicating systems: the GPS [Global Positioning 
System] receiver (which makes it possible to determine 
PoSat-1’s position relative to a system of satellites going 
by the name of Global Positioning System) and the star 
sensor (which will make it possible to determine the 
direction the satellite is facing). When that happens, it 
will be possible to order the satellite to take a picture 
while pointing at a given site instead of doing so, as now, 
by determining which region of the sky the satellite is in. 
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SPOT 3 Enters Service 
Paris AFP SCIENCES in French 9 Dec 93 p 15 


[Unsigned article: “Spot-3 Satellite Entering is Opera- 
tional Phase”’} 


[Text] Paris—CNES has just decided to place into ser- 
vice the Spot-3 earth observation satellite which was 
launched last 26 September by Ariane. 


Equipment performance has met the required specifica- 
tions, which are comparable to those recorded during 
Spot-! and Spot-2 flights. Radiometric and geometric 
image quality are “excellent,” as the bulletin empha- 
sized. The Spot-! satellite, currently on stand-by, has 
retained its direct viewing capabilities, while Spot-2 is 
still carrying out its operations. 


The high precision DORIS radio localization system 
aboard the satellite “is functioning perfectly” and the 
American experiment POAM II (Polar Ozone and 
Aerosol Measurements) has begun gathering data, par- 
ticularly on the ozone layer above the poles. 


Developed by CNES in cooperation with Belgium and 
Sweden, with participation from the National Geo- 
graphic Institute (IGN), Spot was built by Matra Mar- 
coni Space as prime contractor. 


AUTOMOTIVE INDUSTRY 


German Postal Service Tests Israeli Zinc-Air 
Battery 


MI0701141194 Bonn DIE WELT in German 
23 Dec 93 p 7 


[Text] At the scientific press conference in Berlin this 
week, Post Office board member Dr. Guenter Tumm, 
Prof. Dietrich Wabner of Munich Technical College, and 
experts from the Bavarian Federation for Technical 
Control (TUeV), and the Energy Management Research 
Center explained the technical advantages of an innova- 
tive battery technology that the German Federal Post 
Office wants to use in electric vehicles in the parcels 
service starting in 1995. Developed by Jerusalem firm 
EFL, the battery uses zinc-air electrodes and has success- 
fully completed a practical test with the Bavarian Fed- 
eration for Technica! Control. 


Whilst a 900 kilogram lead-gel battery gave a Post Office 
electric van a range of only 54 kilometers, with a 650 
kilogram EFL battery it can travel 300 kilometers. Apart 
from the new battery’s drastically increased storage 
capacity, Professor Wabner stressed in particular the 
system’s operational safety in the event of a short circuit. 
By contrast, some electric vehicles fitted with sodium 
sulfide batteries had gone up in flames when a short 
circuit occurred. 


The remarkable thing is that even when cooled to minus 
18 degrees the EFL battery can still give full power 
within millionths of a second. Wabner described the EFL 
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energy system as the best battery in the world at present. 
Initially, starting in 1995, not more than 70 vehicles 
owned by the Post Office and various firms and munic- 
ipalities will be fitted with the new batteries. The field 
trial will serve to clarify not so much technical as 
operational questions. Dr. Tumm said the running costs 
of an EFL vehicle were initially 1.40 German marks 
[DM] per kilometer, whereas a diesel vehicle today costs 
only 42 pfennig [0.42 DM] per kilometer. But Post 
Office experts calculate that once the EFL batteries have 
been introduced the price per kilometer could fall to 54 
pfennig [0.54 DM] by the year 2000. 


France: Renault Tests Active Suspension 
Prototype 


94WS0094A Paris INDUSTRIES ET TECHNIQUES 
in French 8 Oct 93 p 35 


[Article by Thierry Mahe: “‘Renault’s Laboratory On 
Wheels, Pasha’; first paragraph is INDUSTRIES ET 
TECHNIQUES introduction] 


[Text] Engineers at the Aubevoye test center in Eure are 
validating active suspension technology by mounting 
each wheel on a computer-controlled hydraulic jack. 


There are no highway signs to guide you to Renault’s test 
center in Aubevoye (Eure), where the manufacturer 
guards its secrets carefully behind high hedges. The 
center is where Renault tests the road handling of its 
prototypes. It also validates there—with the agreement 
of the Rueil research center—the new “skid resistance” 
technologies (suspension, steering, braking, etc.) that will 
be standard on mass-produced cars within 10 years. The 
suspension system of the Safrane (AMV) passed its final 
examination at Aubevoye. The center will also produce 
Renault’s first “real” active suspension system. Nicolas 
Varlot, the head of test systems development, explains. 
“Renault’s Safrane or Citroen’s Xantia do not, strictly 
speaking, have active suspension systems. Their shock 
absorbers have simply been altered, without any addi- 
tion of energy. Outside of the Formula 1, the only 
example of active suspension is Nissan’s Infinity.” 
Aubevoye has some strange-looking mutants on its 
roads, including an R25 with an oddly upswept front 
hood and a license plate that reads “Pasha”, for “Active 
Hydraulic Suspension Automobile Prototype.” Each of 
Pasha’s wheels has a computer-driven hydraulic jack, 
and its rear trunk contains a powerful (32 Mips) com- 
puter and an array of electronic boards. Under the 
vehicle’s front hood snakes a mass of hydraulic circuits, 
and each suspension jack features three sensors to mon- 
itor distance traveled, speed, and effort. Computations 
consume a total of 32 input parameters. Pasha is a real 
laboratory on wheels, designed to simulate all types of 
suspension. Its has a steering counterpart, called Dirac. 
Says Nicolas Varlot, “We have been testing Pasha since 
the beginning of the year. By mid-1994, we will have 
worked up a specifications sheet, and by late 1994, we 
will have preliminary vehicles.”’ Safrane’s replacement 
may sport an active suspension system... 
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Two parameters can be used to synthesize suspension 
behavior: wheel wobble, a safety factor; and autobody 
cycling, which is linked to comfort (cycling = the oscil- 
lations to which the body is subjected). Pasha can 
modulate these two parameters over a very broad range. 
Depending on adjustments, passengers can feel they are 
riding in a 2 hp, or a luxury limousine! Renault engineers 
are experimenting with 16 types of servocontrol, one of 
which will be selected as offering the best tradeoff 
between comfort and safety. Assessing those two vari- 
ables still provides a great deal of food for thought. 
Francois Hebert, head of the electronics/data-processing 
lab, stresses, “With Pasha, we can even induce a counter- 
rolling motion. When the vehicle turns, it leans in the 
opposite direction to that of most cars! Is this good? 
Reducing or reversing rolling motion may be a good idea 
to help cars grip the road, but the change skews the 
perception of the driver. The same goes for the ABS, 
which makes people safer and encourages them to drive 
faster. It’s dangerous, especially when the driver switches 
back to a regular model!” 


The Aubevoye center is involved in every step of cre- 
ating a vehicle, starting from the very basic research 
level, during the technology scouting stage. It remains 
active during the pre-project phase “before the vehicle 
even gets to the drawing board’, and again during 
development of the prototypes. “Our job is to work up 
the specifications sheet and check that the prototype is 
valid. One of our suppliers (Valeo, Bendix, etc.) then 
makes it. In return, we inspect the equipment,” says 
Nicolas Varlot. 


One of the peculiar features of electronic equipment is 
that it tends to break down. Annoying when the auto- 
matic window controls are involved, failures are cata- 
strophic if they affect the steering, braking, or suspension 
systems! “Hence the importance of strategies involving 
graceful degradation, which occupies between 60 and 80 
percent of the computer’s memory. Engineers must, for 
example, anticipate one of the suspensions being 
knocked out—and design the other three to adjust 
accordingly!” adds Nicolas Varlot. 


Will numerical simulation of vehicle behavior make 
certain road tests obsolete? “It’s an old question.... We 
thought structural computations were going to eliminate 
crash studies—but they didn’t at all. The more you refine 
a simulation, the more new parameters pop up! At best, 
road handling simulators will eliminate certain standard 
tests.” Concludes Varlot, “A problem solved raises other 
that need solving. When the ocean recedes, it exposes 
new shoals!” 


Boxed Material: Using Electronics in Testing 


Francois Hebert’s electronics lab has a staff of six and 
two electronics CAD stations that run the Cadence 
program. Cadence can be used to design and simulate 
digital/analog boards. Says Francois Hebert, “One of the 
product’s great features is its behavioral simulation 
module, which enables us to close the simulation loop.” 
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Indeed, the sim module can be used to model a mechan- 
ical device—jack, steering column—governed by linear 
or non-linear laws. The laboratory designs between 15 
and 20 boards a year, each of which requires about three 
months of study. “By extending the limits of electronic 
board simulation, we have reduced the number of tou- 
chups per board from 4 or 5 to 1.2 or 1.4. With each 
touchup costing 30,000 or 40,000 French francs, CAD 
quickly pays for itself.” 


Boxed Material: Two Facilities for Torturing Prototypes 


Renault has two facilities for prototype testing. The first, 
at Lardy (Essonne), specializes in engines, while the 
second, in Aubevoye (Eure), focuses on skid resistance 
(chassis, suspension, brake system, etc.) and vehicle 
dynamics. Aubevoye was created in 1982 and employs 
about 300 people. It boasts 21 kilometers of roadways to 
test speed, road handling, skid resistance, comfort, and 
endurance. The test roads recreate pothole conditions, 
high-speed national highways, city streets, and mountain 
roads. The center has an acoustical bench and a climate 
wind tunnel. 


Belgium-Germany: Experimental Battery 
Exchange System for Electric Vehicles 


94WS$0098c Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 28 Oct 93 p 8 


[Unattributed Article: “Mobile Charging Stations 
Extend Operating Time of Electric Busses—Novel Bat- 
tery Exchange Technology a Plus for Emission-Free 
Local Passenger Traffic—Pilot Projects in Belgium and 
Saxony”’] 


[Text] Varta and Neoplan recently presented a semi- 
automated battery exchange technology. This joint 
development is considered a step forward in the field of 
electric commercial vehicles (delivery vehicles and city 
busses) and could help reduce exhaust in cities, metro- 
politan and resort areas. 


Moveable battery exchange stations in a container are to 
improve short-term prospects for battery-driven busses 
used for public local passenger transportation and in 
delivery vehicles within the city. Modern exchange sta- 
tions would avoid the drawbacks of relatively short 
ranges and operating times which are currently pre- 
venting the use of electrically driven busses and commer- 
cial vehicles. 


These mobile charging stations using a container format 
require only a small space (the required area for a 
standard version is 2.5 x 6.0 meter) and can be set up 
practically anywhere. Recharging the batteries from the 
AC line current requires only a 380 V outlet. 


As Rainer Bitthin, head of systems development at 
Varta, points out, this allows unrestricted 24-hour 
scheduled city bus service. Neither “refuelling” at 
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fixed charging stations which takes hours nor the 
rather cumbersome battery exchange by fork-lift truck 
are necessary. 


As he explains, the bus driver himself can exchange the 
battery at the mobile charging station within a few 
minutes. To start the semi-automated battery exchange 
the bus rolls backwards to the charging station with its 
charging flap open. Two roller belt arms from the 
changing station are connected to the bus. When a 
button is pushed the empty battery automatically 
moves across the roller belts to an empty charging site 
at the station. 


By pushing another button a charged battery is automat- 
ically moved across the roller belts into the rear section 
of the vehicle. All the bus driver has to do is to connect 
the batteries. 


Depending on the version, the battery exchange con- 
tainers can accept four to six batteries. They are placed 
in two shelves on two or three levels each and can be 
charged there. The required charging devices including 
the water supply for the Varta Aquamatik system are in 
a separate compartment inside the container. 


According to calculations by the experts at Neoplan and 
Varta, for instance, five batteries would be needed for 
permanent scheduled service with two busses between 
6:00 a.m. and 10:00 p.m including the required battery 
exchange intervals. For the pilot projects, Neoplan and 
Varta are using led-traction batteries with tubular plates. 


According to reports the Varta Perfect type battery 
with electrolyte circulation and Varta Aquamatik is 
very energy efficient and requires little maintenance. 
The charging time per battery is reported to be five to 
six hours. 


As Bitthin explains, the complete system including bus, 
battery and exchange station has been studied as a pilot 
program in Saxony and Mechelen/Belgium. He says that 
there has been wide acceptance both among the bus 
service operators and the bus drivers who actually had to 
exchange the battery. 


Aspects of Electric Car Development in Europe 
Presented 


Risks, Difficulties, Achievements 


94WS0141A Paris INDUSTRIES ET TECHNIQUES 
in French Nov 93 pp 28-30 


[Article by Cecile Remy and Tierry Mahe: “Electric 
Cars: Who’s Taking the Risk?”; first paragraph is 
INDUSTRIES ET TECHNIQUES introduction] 


[Text] For a vehicle reputed to be quiet, the electric car 
has generated a lot of hype. Until Renault and PSA 
industrialize their concept-cars, small independent auto- 
makers will struggle on alone to build a future for electric 
vehicles—and assume all the risks. 
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Two years ago PSA was trumpeting that France would 
have between 10,000 and 50,000 electric vehicles by 
1995. Projections have since fallen to 5,000. The culprit, 
of course, is the recession. But cold feet on the part of big 
manufacturers and the cautious attitude of collectivi- 
ties—the only players capable of “getting the market off 
the ground”’—are also responsible. With no Draconian 
law in effect to curtail urban pollution!, cities saw 
electric cars mainly as an inexpensive way to fashion a 
“glamorous” image for themselves. Virtuous in the 
extreme, non-polluting, quiet, robust, and easy-to-drive 
and park electric cars are nonetheless guilty of one sin: 
they are expensive. The (1995) electrified version of the 
Clio, for instance, will cost 170,000 French francs [Fr], 
or three times as much as the standard one! The limited 
autonomy of electric vehicles and, most important, the 
lack of urban infrastructure (recharge terminals) also 
work against them. In fact, electric cars are the victims of 
a classic vicious circle: Limited infrastructure plus high 
prices equals few users and small production runs, thus 
keeping prices high and the number of customers low. 
This raises the question of who will take the risk of 
jumping in first. Initially, big automakers seemed the 
answer. So far, neither PSA nor Renault has done 
anything more than electrify very-small-run commercial 
vehicles. Renault will not start series production of the 
Master until March, or of the Express until October, 
1994, following eight years of experimentation and 
400,000 km of road tests at its Chatellerault pilot site. 
Moreover, annual production volumes will not exceed 
1,000—a drop in the bucket! True, Renault’s Clio and 
PSA’s 106 and AX will come out in electrified versions 
by 1995. But here again, the doses will be homeopathic. 
Automakers are offering electrified “commercial” vehi- 
cles first, both to supply companies and collectivities and 
for technical reasons. Battery weight in relation to total 
weight is less of a drawback on commercial vehicles than 
it is on personal automobiles. In addition, the industrial 
investment needed to electrify vehicles is virtually neg- 
ligeable. Laurent Bernard, project head of Renault's 
Electric Commercial Vehicles Division, confirms this. 
“Whether or not the vehicle is electric makes no differ- 
ence in the process. Clio’s engine plant is replaced by its 
electrical equivalent. The only change is the addition of 
an assembly island to install the battery block.” 
Launching series production of the first personal cars 
truly designed to be powered electrically would be 
striking evidence of the commitment of big automakers. 
Unfortunately, Renault's Zoom, Citroen’s Citela, and 
Fiat's Downtown are still nothing more than elegant 
theoretical constructs, with no launch dates in sight. The 
same manufacturers have not yet definitively chosen 
between all-electric vehicles and hybrid ones, as evi- 
denced by Volkswagen’s Chico, BMW’s E1, or Renault- 
Volvo’s ECC. Most important, the pricing policy of big 
automakers is a huge discentive. “It’s because we haven't 
got costs under control. Seventy percent of the value of a 
traditional car is subcontracted, against 90 percent for an 
electric car!” pleads Laurent Bernard of Renault. 
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What might look like a wait-and-see attitude actually 
reflects real difficulties in keeping in step with a market 
whose volume is too low. As Dominique Mathon, 
director of Microcar (Jeanneau), explains, “Starting at 
5,000 cars a year, we would have to revamp our manu- 
facturing process. In contrast, 5,000 is the break point at 
which big manufacturers can consider launching a 
series!” So it is the “Tom Thumbs” of the industry that 
hold the future of the electric car in their hands, and will 
continue to do so for another several years. Most of these 
pioneers began as makers of small motorized vehicles 
that do not require driver's licenses and of commercial 
vehicles. Examples include Erad, Aixam, Microcar, and 
Automobiles Ligier. In producing electric cars, they are 
remaining faithful to their light, two-seater, urban 
vehicle niche. The automakers have banded together 
under the banner of Apvere. As Pierre Bazier of Rocaboy 
indicates, it is an objective alliance in which “Each 
supplier offers a line that complements the others’.” 
Adds Bazier, “Each time one of us sells an electric car, he 
helps shore up the market.” 


Jack Vergne, director of Seer-Volta, sees no reason to be 
anything but optimistic. “Our production doubles every 
year: 75 vehicles in 1991-92, 150 in 1992-93. Our goal 
for 1994 is 300.” The company has resolutely opted to 
produce just one product: a small commercial vehicle 
comparable to Citroen’s C15 and Renault's Express for 
roughly the same price. How will the company be able to 
justify making its electric vehicle when the two groups 
launch their own series? Jack Vergne is untroubled. 
“Unlike those ‘electrified’ models, Volta was designed to 
be powered by an electrical engine. This shows in its 
performance. Volta has a payload of 500 kg, against 300 
kg for the C15; its degree of lock is shorter; the car's 
batteries do not cut into the amount of space available in 
the interior, and its suspension has been adapted to 
handle the extra weight.” Competition from the big 
names does not scare Pierre Bazier of Rocaboy either. 
“Our model can be transformed in any way we need to.” 
Erad agrees, pointing out that “We are satisfying 
demands that the big car companies will never be able to 
meet. One example is a modified version with a very 
short degree of lock to enable it to maneuver easily in the 
tunnel under the Channel!” Technologically, the compa- 
nies must take a pragmatic approach, and the small firm 
Seer-Volta makes do with what it can find on the market. 
That means lead batteries and d.c. motors. “Nickel- 
cadmium technology would push up the price of bat- 
teries from Fr17,000 to Fr70,000. If that happened, we 
would offer lease contracts to enable customers to stagger 
their payments.” 


Most of the small car makers hold down their manufac- 
turing costs by using non-industrialized technologies. 
Seer-Volta, for instance, buys its tubular frames from the 
supplier of Renault’s Alpine. And it molds its body in 
polyester resin, a simple and cheap process that makes 
the vehicle quite light. Won't these modest processes 
curb production if the market takes off? “Not at all. We 
can supply up to 1,000 vehicles a year without changing 
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anything in our procedure,” says Jack Vergne. Another 
shrewd move on the part of the automaker is avoiding 
the long and costly crash-test process. “Volta features an 
‘advanced cabin’; a simple Utac inspection is enough.” 
Of all the automakers, Erad boasts the most varied line: 
three leisure vehicles (Agora, Spacia, Junior) and two 
commercial ones. Two years ago, electric vehicles 
accounted for two percent of its sales; today they make 
up 30 percent! Pascal Ansart, marketing director of Erad, 
describes the typical Homo Electricus Rex: “He’s a 
veterinarian! He uses the car for his work, in urban areas 
and over short distances. Since he travels alone, he 
appreciates a ‘two-seater’ that is easy to park and less 
expensive than a thermal vehicle: Fri,400 altogether 
against Fri,700 a month for a diesel.” At Fr51,000, 
Erad’s Agora is certainly the cheapest vehicle on the 
market. “It’s because we make everything in house, using 
hyper-light materials. Agora weighs only 650 kg, 
including batteries. The vehicle’s cost is tied directly to 
its weight/power ratio.”” Although the Junior is “electri- 
fied”, the models that followed it were literally designed 
around batteries. “The load is perfectly distributed, 
which gives the vehicle excellent steering. That is not 
true of electrified vehicles.” 


Rocaboy, for its part, is a pioneer, having homologated 
its first electric vehicle in 1977! The RK200 commercial 
vehicle is now its leading product. Pierre Bazier, 
Rocaboy’s director, explains. “Electric vehicles are 
expensive, I agree; but in certain cases, a thermal model 
would be even more so! For instance, if thermals were 
required to run quietly or without spewing any emissions 
into the air. So we supply Atomic Energy Commission 
plants and the Louvre Museum with vehicles for their 
service areas. Electric vehicles are perfectly suited for 
industrial use involving stops and starts every 500 
meters and close handling.” Finally, there are the com- 
panies that design special-use vehicles: Sita and Semat 
for street cleaners and garbage trucks, and Charlatte for 
industrial vehicles. Says Sita’s Alfred Trombini, “Our 
electric models derive from thermal ones; they are quiet 
and non-polluting, two requirements which are found in 
certain municipal bid invitations. Given the price of this 
type of vehicle, the additional cost of electrification is 
only 10 to 30 percent.” Such a small ratio makes it 
possible to retain a thermal engine to enable the vehicle 
to get back to repair shops and incineration plants, which 
are located far from urban areas. 


Small electric carmakers still have a few years before the 
“big guys” invade their turf. At that time they might 
taste the bitter experience of having been the first ones 
on the block. Then again, they could, in the meantime, 
widen the gap so far that they will become forces to be 
reckoned with. 


Boxed Material: Electric Vs. Electrified Vehicles 


“Electrified” vehicles are avatars of thermal ones—that 
is, they are series models whose original powerplants 
have been replaced by electric motors. All large-run 
personal vehicles will continue to be electrified versions 
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for the next several years. Electric vehicles, in contrast, 
are designed with electrical propulsion in mind. Gener- 
ally they feature two or three seats. Since battery weight 
and space needs are factored in from the outset, electric 
vehicles offer better skid resistance, comfort, and ergo- 
nomics. Their batteries, whose placement ts better 
planned, do not cut into the room available in the 
vehicle’s interior. 


In a Nutshell 


—Once they reach a volume of 5,000 a year, small 
manufacturers will have to revamp their production 
processes. That is still a ways down the road. 


—A vehicle designed to be powered electrically can carry 
40 percent more payload than a classic electrified 
vehicle. 


—Agora weighs only 650 kg, including batteries. 


Photo Captions 


Sita has been making its Lama 6000 street cleaner since 
1990. The same company supplies electric garbage trucks 
to the cities of Bordeaux and Paris. It was awarded the 
EUREKA label for one of its research programs on 
electric vehicles. 


Renault's Master and Express are electrified vehicles. 
Tested since 1986 in Chatellerault, they will be mass- 
produced in 1994. The city of Goteborg (Sweden) has 
ordered 200. 


Erad’s Agora, made since early 1993, is the least expen- 
sive electric car on the market at Fr51,000. It is a small, 
two-seater, convertible with almost 2 HP! Its maker Erad 
is in the process of industrializing its shops to meet 
demand. The company expects to sell 450 electric cars 
(half personal, half commercial) in 1994. 


The BMW E1 is an example of a hybrid vehicle equipped 
with a combustion and an electric engine. It has the 
qualities of a road car and is expected to reach maximum 
speeds of 125 km/h on its electric engine. 


Peugeot's electric 106 and its AX cousin—also electric— 
will be given to 50 individual drivers for a year and a half 
in La Rochelle. This user test will precede product 
launch. It will also give the city a chance to test the 
smart-card-operated recharge terminals, slow recharge in 
parking lots, and quick recharge in certain gas stations. 


Renault's Zoom concept-car, devised by Matra Automo- 
bile, prefigures the urban electric car of the next mille- 
nium. Its rear suspension is mounted on a retractable 
chassis, which shortens it 60 cm and allows it to be 
parked perpendicular to the sidewalk. The Zoom’s 
nickel-cadmium batteries are expected to give it auto- 
mony of 150 km. In 1995, Renault should industrialize 
its first electric recreational vehicle, the Clio. 


Opel’s Twin ts a four-seater vehicle, with one seat in the 
front and three in the back. A 10-kW three-phase engine 
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equips each wheel hub. The Twin can reach speeds of 
120 km/h. Carbon-lithium batteries give it autonomy of 
250 km. 


Footnotes 


1. In California, the law requires that two percent of all 
vehicles be emission-free (and thus electric) by 1998, and 
that 10 percent meet that standard by 2003. In France, a 
25 October 19/1 decree defines special protection areas 
where prefects can take any measure needed to bring 
atmospheric pollution levels below an admissible 
threshold. 


Batteries, Motors 


94WS0141B Paris INDUSTRIES ET TECHNIQUES 
in French Nov 93 pp 34-35 


{Article entitled: “Revamped and Adjusted Batteries, 
Motors, and Electronics”; first paragraph is INDUS- 
TRIES ET TECHNIQUES introduction] 


[Text] Electrochemists, electrical engineers, and elec- 
tronics engineers are going back to the drawing board 
with electric cars in mind. This new consumer product 
might also benefit electrical installers and mechanics. 


“Electric cars require a 40-percent ratio of new compo- 
nents,” says Jacques Saint Marc, general secretary of 
GIVE, the Interministerial Group for the Development 
of Electric Vehicles. Industrialization of the new product 
raises dazzling prospects of new technological outlets for 
electrochemistry, of course, and for electrical and elec- 
tronics engineering. It allows planners to dream of new 
professions, from electrical installers of computerized 
point-of-sale devices, to mechanic: certified as “electric 
Car maintenance technicians.” 


The electric cars now on the market have given a few 
equipment manufacturers, such as Leroy Somer or Old- 
ham, an opportunity to join the ranks of automobile 
equipment makers. Both already specialized in indus- 
trial traction—one for engines and the other for bat- 
teries. Like Valeo, auto equipment manufacturers are 
inclined to wait for the next generation of vehicles and 
firm orders before committing themselves to the market. 


The first component stimulated by electric cars is bat- 
teries. Field experiments conducted by cities and by 
Electricity of France (EDF) are expected to quickly 
produce a “smart” battery similar to sensors of a decade 
ago. “The trick is to incorporate monitoring functions 
into the battery, so that it has a good energy gauge. The 
battery must control its life,” explains Syriacus Bleijs, 
Electric Car Program coordinator at EDF's Research 
Division. The battery will feature sensors and electronics 
that will provide it with information on its available 
energy capacity, the amount of energy it could absorb via 
recharge, and its aging status. 


Renault’s Express and Clio already have a small com- 
puter that fully controls the battery and that hooks up to 
the corrective maintenance unit available to dealers. 
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Charger research is moving in the same direction, to 
determine whether batteries can tolerate rapid recharges. 
The goal is to restore 50 percent of a battery's capacity in 
20 minutes. The 3.3-kWh terminals developed by Merlin 
Gerin and installed in La Rochelle recharge an electric 
car in eight hours. Rapid recharge terminals, which have 
been ordered from Westinghouse SGTE, should offer an 
additional 1-2 km of autonomy per minute. The rapid 
terminals offer far greater electrical power—over 30 
kW—and research on them is being conducted as part of 
the European Elegie program. Induction recharge—that 
is, recharge without making contact—seems the best way 
to get electrical energy from the terminal to the car. The 
Praxitele program involving freely-traveling vehicles will 
experiment with this technique. 


Naturally, batteries themselves are spurring the cre- 
ativity of many researchers. Most vehicles now on the 
road are equipped with lead batteries, which are the 
cheapest and best known. A few models are running on 
nickel-cadmium batteries, which are more expensive 
but offer more autonomy as well as an energy density 
of 65 Wh/kg against 35 Wh/kg for lead. By using other 
materials, electrochemists hope to push the limit 
beyond 100 Wh/kg and provide automobiles with 
autonomy of over 100 km. 


The 33 percent state-subsidized PREDIT, or Ground 
Transport Industries Research and Development Plan, 
has opted to push lithium batteries. It has teamed up 
with Saft to promote carbon-lithium ones, and with 
EDF, Bollore Technologies, and Grenoble University to 
push polymer-lithium batteries. According to Syriacus 
Bleijs, EDF's research coordinator, carbon-lithium bat- 
teries seem closer to industrialization than fully solid 
lithium ones do. 


Battery research has given rise to a new component: 
supercapacity, or a condensor that can deliver 10 
kW/kg instantaneously. Supercapacity can handle 
strong acceleration surges, eliminating the traction 
power limitations of electric cars. When the superca- 
pacity is discharged, it can also recover the energy 
produced during braking. PREDIT official Claude 
Prost-Dame says the very robust condensor seems well 
suited to automobile use. 


Engines do not require as much research as batteries. 
Electrical engineers need only adapt their old standbys, 
which, roughly speaking, consist of d.c. motors, induc- 
tion motors, and autopiloted, synchronous motors. 
Adaptation means not only meeting the technical speci- 
fications of automakers, but learning to live with their 
test procedures and quality checks. Leroy Somer is 
undergoing that apprenticeship as it develops three lines 
of d.c. motors. Indeed, d.c. motors are the most common 
engines used in electric cars today. Leroy Somer has 
totally revamped its industrial traction models, while the 
Danish firm Thridge Enco custom-designed one to meet 
the demands of the automaker Erad. The advantage of 
this type of engine is that it is controlled by relatively 
simple and low-cost thyristor power electronics. 
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Vector-control induction motors seem rather promising 
for upcoming models. They eliminate problems stem- 
ming from exhaust manifold wear, but require more 
complicated electronics, especially for starting. ABB has 
supplied Renault with a very compact prototype induc- 
tion motor that can run at over 10,000 rev/min. A sensor 
placed directly over the rotor checks the state of the 
motor as it starts up. Michel Kant is working with Valeo 
at the University of Compiegne to study the various 
characteristics of autopiloted, synchronous motors and 
of vector-control induction engines in a Volta body. “It 
is the whole pull chain that has to be considered, 
especially since it will not necessarily involve one motor, 
but two, or even four, one on each wheel,” he says. 


The Engineering School of La Rochelle (EIGSI) is 
working on protocols for measurements made on electric 
vehicles. “We have cabinets full of data that will not do 
us much good until we learn how to interpret them,” 
stresses Claude Ades, one of the school’s officials. “We 
have modified the measuring center that is used by 
CERAVE, the Center for Applied Research on Electric 
Vehicles. And we are developing new test procedures to 
model the behavior of electric vehicle drivers.” The 
long-term goal of the school’s research is to devise an 
assisted-driving or automatic help system. If electrical 
cars never hit the road, they will at least have helped 
advance a number of techniques. And if their use 
becomes widespread, new occupations could spring up. 
The electrical installers responsible for recharge systems 
could become electrical experts in point-of-sale devices, 
and mechanics could become “electric vehicle mainte- 
nance technicians.”” CERAVE has just teamed up with 
the La Rochelle Occupational Chamber to provide con- 
tinuing adult education in “electric vehicle mainte- 
nance” to mechanics or newcomers (two years of college 
are desired) in 1994. The EDF-GDF Services Center in 
Versailles has also concluded a technical partnership 
agreement with Seer to provide maintenance for electric 
vehicles in the Paris area. 


In the meantime, more and more hip technocrats are 
rallying round the product—which uses technology to 
fight pollution for the benefit of local collectiviies—with 
the expectation that it will one day become a consumer 
product (what better issue to use in an electoral cam- 
paign!). We have already cited CERAVE, the Center for 
Applied Research on Electric Vehicles; PREDIT, the 
Ground Transport Industries Research and Develop- 
ment Plan; and GIVE, the Interministerial “Electrical 
Vehicles” Group. Other important names are ADEME, 
the Agency for the Development of the Environment and 
Energy Control; a manufacturer organization AVERE, 
the European Association for Electric Road Vehicles; 
and CETUR—soon to be renamed CERTU—which is a 
division of the Equipment, Transport, and Tourism 
Ministry that coordinates municipal programs. 
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In a Nutshell 


—Batteries must become “smart.” They need the equiv- 
alent of a gauge so that drivers can know how much 
energy they have. 


—The goal of quick recharging is to provide 2 km of 
autonomy for each minute of recharge. 


—Vector-controlled induction motors seem fairly prom- 
ising for the next crop of models. 


France: Memory-Alloy Carburetor Air Intake 
Regulator 

94WS0179C Paris L'USINE NOUVELLE 

in French 16 Dec 93 p 114 


[Article by Olivier Lauvige: “Special Component Regu- 
lates Carburetor Air Intake; Mecaplast Uses Shape- 
Memory Alloys’—first paragraph is L’USINE NOU- 
VELLE introduction] 


[Text] The technical benefits of shape-memory alloys are 
many. Manufacturers must still be persuaded to equip 
their cars with this miracle device. 


Quite sensitive, it shrinks in the slightest cold air draft. 
Then, it expands languorously under the effect of heat. 
Developed by the Mecaplast company, this car-engine 
thermal air-intake regulator is the first to use the sur- 
prising properties of shape-memory alloys. 


“The system spares motorists who drive in very cold 
areas the unpleasantness resulting from the icing of 
intake valves,” Didier Theron, the marketing manager of 
this Monaco company specialized in plastics engi- 
neering, explained. When the air temperature falls below 
a given value, the spring becomes less stiff, which causes 
a trap door to close, thus protecting carburetion compo- 
nents against the rigor of cold weather. Conversely, when 
the weather becomes milder, the spring recovers its 
initial characteristics and opens again the trap door. 


The trick? The reversible behavior of these shape- 
memory alloys which reflects the passage from one 
crystalline structure to another. This transformation 
takes piace in a number of alloys, such as copper- 
aluminum-nickel or titanium-nickel, following suitable 
heat treatments. 


Mecaplast uses products made by the Memometal com- 
pany. Located in the Alberville area in Savoie, this 
company has all the equipment required to make the 
precious material (vacuum furnaces, annealing furnaces, 
drawing machines, etc.). It can prepare the formula that 
will exactly meet its clients’ requirements. 


Fast and Reliable Regulators 


What are the advantages of shape-memory alloys to 
regulate the carburetion air intake? First, an extremely 
short response time: about two seconds compared with 
about 50 for traditional systems using wax caps. “These 
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performance characteristics make it possible to achieve a 
much more precise regulation, which is therefore more 
suitable for the current electronic injection systems,” 
according to Didier Theron. Another advantage is its 
reliability, as there is a minimum of moving parts. This 
simplification also reduced manufacturing costs by 
about 30 percent. 


In spite of all these benefits, the regulator is not yet on 
the market. In fact, we shall have to wait patiently for a 
few years, until car manufacturers venture to add this 
““quasi magic” component under the hoods of their cars. 
This wait-and-see attitude, however, does not shake the 
Mecaplast engineers’s faith in the future of shape- 
memory alloys in the automobile world. They just filed a 
new patent in order to use these alloys to regulate the 
ventilation of engine hoods according to the outside 
temperature. 


Germany: Government Approves Transrapid 
Development 


94WS0188A Duesseldorf VDI NACHRICHTEN 
in German 24 Dec 93 p 14 


[Article by Hans Georg Raschbichler, chief managing 
executive, Magnetschnellbahn Berlin-Hamburg GmbH 
[Berlin-Hamburg High-Speed Maglev Railway Limited 
Liability Company], under the rubric “Vistas 94”: 
““Transrapid’ Has Now Made the Breakthrough to 
Worldwide Marketing. Technology and Transportation 
Representative for Germany As an Industrial Base. For 
High-Speed Maglev Railway Head Hans G. Rasch- 
bichler Success Is Also an Indication of Engineers’ Force- 
fulness”; first paragraph is VDI NACHRICHTEN’s 
introduction] 

[Text] Duesseldorf, 24 Dec 93 (VDI-N)}—With the gov- 
ernment’s affirmative decision to build the T-ansrapid 
high-speed maglev railway, a decision was made that 
reaches far into the future in terms of transportation and 
environmental policy. Hans Georg Raschbichler, chief 
managing executive of Berlin-Hamburg High-Speed 
Maglev Railway Limited Liability Company, takes this 
view in the following article. This graduate engineer is 
absolutely certain that Transrapid will revolutionize our 
transportation system. 


The federal government’s decision of 8 December 1993 
to implement the Berlin-Hamburg high-speed maglev 
railway cleared the way for the first application of 
maglev railway technology in Germany. This decision is 
not just the prelude to a new era of environmentally 
compatible and industrial-trend-setting rail transporta- 
tion. It is at the same time proof of German industry’s 
innovation strength. And this applies both to the no- 
contact and no-wear technology that has for the first time 
overcome the limitations of wheels and tracks, and to the 
financing plan worked out by industry and the banks. 


As with many projects of the century, it was the 
creativity and commitment of engineers that set the 
course toward the future. If in 1835 it was the first 
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railroad that began its triumphant march as a new 
transportation representative on the Nuremberg- 
to-Furth line, so at the beginning of the 21st century it 
will be the high-speed maglev railway that revolution- 
izes our transportation system. Hence, in terms of 
transportation and industrial policy, recently a deci- 
sion was made that reaches far into the future. 


It all began with Emsland Graduate Engineer Hermann 
Kemper, who was annoyed by the noise caused by the 
railroad going by his house. His idea was to replace the 
railway’s wheels with electromagnets. He knew that 
magnetic forces can assume the carrying and guiding 
functions of the wheel and track and thus enable 
no-contact levitation with high speeds and low noise 
generation. 

His Reich patent from the year 1934 for a “levitation 
railway with wheelless vehicles that by means of mag- 
netic fields are guided levitating along iron tracks” (DRP 
[German Reich Patent] 64 33 16) was more than the 
vision of a young engineer who was ahead of his time, for 
the possibilities in electronics and vehicle construction 
were still very limited at that time. Consequently the 
implementation of his ideas was limited. 


In 1966 engineers took up anew the technological possi- 
bilities of this idea and tested its technical feasibility. But 
they also in particular correctly judged its importance in 
terms of transportation policy. The results of the high- 
capacity high-speed railway study completed in 1971 
were so positive that the development work begun soon 
led to the first experimental vehicles having quite dif- 


ferent designs. 


As a young engineer, I began my work on the develop- 
ment of the high-speed maglev railway in the middle of 
the sixties. We—my comrades-in-arms and I—were then 
conscious of the awakening in a new era of railway 
technology in which Germany had played a leading role 


all along. 


A pilot system having a new design—the so-called long- 
stator maglev railway technology—was able to be put 
into operation successfully in Kassel as a result of a joint 
effort begun in 1974 with Professor Weh of Braunsch- 
weig Technical University. In this design the motor is 
not located in the vehicle as usually, but in the railway. 
Because of this, the highly problematic transmission of 
power through current collectors at high traveling speeds 
was able to be avoided. In addition, the result was an 


especially lightweight and simple vehicle. 


The various development directions thus far were 
assessed in 1977 in a sweeping system decision of the 
Federal Ministry for Research and Technology. It was 
decided to focus further work on the long-stator maglev 
railway technology. Thus we had put through our design 
as the main development direction. 


Then in 1979 came the first large-scale application on a 
just under 1- km-long line on the occasion of the Inter- 
national Transportation Exhibition in Hamburg (ITE 
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79). The government license for passenger transport was 
able to be obtained for the vehicle already then. Fifty 
thousand visitors were transported in scheduled service 
with reliability already very high for the state of devel- 
opment then. 


The success in Hamburg was also decisive for the 
construction of the pilot system unique in the world for 
railway systems, the Emsland Transrapid Pilot System 
(TVE). 


So, railway history has been written since 1984 in 
North Germany, between Lathen and Dorpen. The 
Transrapid high-speed maglev railway has proven its 
everyday usefulness in continuous service with a run- 
ning capacity of more than 160,000 km and a world- 
record speed of 450 km/h. Its readiness for use was 
certified at the end of 1991 after comprehensive testing 
and assessment by the German Federal Railways and 
leading university institutes. 


This was also proof of German industry’s leading role in 
a high technology that has now made the breakthrough to 
woridwide marketing, in addition to its use for a new 
transportation representative—especially after the affir- 
mative decision for Berlin-to-Hamburg. 


When I sum up personally today, after working nearly 30 
years in high-speed maglev railway development, I come 
to the conclusion that it was decisive for success that 
we—the engineers, companies and politicians—steadily 
kept up our common commitment over so long a time, in 
spite of often serious obstacles and setbacks. 


Only because of this is it possible now that a particularly 
attractive and environmentally compatible transporta- 
tion system will open its service between the two largest 
German cities, Berlin and Hamburg, at the beginning of 
the new millennium. Then Transrapid trains will trans- 
~et over 40,000 passengers a day every 10 minutes, 
nfortably and safely, over the 284-km-long distance 

th travel time of less than an hour. 


Aiso a prerequisite for this is the plan—which is no less 
innovative—adopted by the federal government for the 
financing and private-sector operation of the Berlin- 
Hamburg high-speed maglev railway. It goes far beyond 
the practice thus far in transportation investment, and is 
without precedence nationally and internationally. For 
example, the operating company that will operate the 
high-speed maglev railway will be privately financed for 
the first time. Furthermore, the financing proposal also 
provides for a high degree of taking the burden off the 
federal government in financing of the railway. 


I am convinced that the implementation of the Berlin- 
Hamburg high-speed maglev railway through the joint 
initiative of the federal government, the states taking 
part and German industry will be a sign visible world- 
wide of the achievement and innovation strength of 
Germany as a technology and industrial base. It will 
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prove strikingly the creativity and forcefulness of engi- 
neers, who with the high-speed maglev railway have also 
continued a part of the tradition showing them to be 
pioneers of progress. 


BIOTECHNOLOGY 


British, German Biotech Research Institutes 
Discuss Cooperation 

BR0501162094 Swindon BIOBULLETIN in English 
Nov 93 pp 7-8 


[Unattributed Article: “Protein Structure and Design”’] 


[Text] Protein engineering is now a mature technology, 
while databases of sequence and structure continue to 
grow. As a result, protein design and modelling has 
become a strategic science, with important implications 
for the understanding of cell receptor function and 
rational drug design. The Biotechnology Directorate 
recently supported a joint N+N meeting with the 
German GBF [Biotechnological Research Association] 
in Braunschweig, to discuss the potential for collabora- 
tion and envisage future research needs and directions. 


One of the key conclusions to emerge from the meeting 
was that many of the groups present were independently 
examining the three-dimensional structure of proteins, 
comparing structures and substructures and investi- 
gating protein alignment to define protein families. For 
example, Paul Barlow, of the Department of Biochem- 
istry at Oxford University, described work on the struc- 
ture of protein “modules”. Recombinant DNA [desox- 
yribonucleic acid] technology permits the expression of 
protein segments that have autonomous folds and func- 
tions, whose structure can then be solved by multidimen- 
sional nuclear magnetic resonance (NMR). Others are 
predicting structure from sequence. At the European 
Molecular Biology Laboratory [EMBL], in Heidelberg, 
700 protein families have been identified, based on their 
common primary structure. Using aligned families to 
train neural networks, it is now possible to predict 
secondary structure with an average accuracy of 70 
percent. 


Christine Orengo, of the Biomolecular Structure and 
Modelling Unit at UCL [University College London] 
reported on analysis of data in the Brookhaven Protein 
Database (PDB). She has identified 150 unique folds, 
and is developing fast automatic methods for comparing 
structures. Uta Lessel, from the host organisation, the 
Gesellschaft fuer Biotechnologische Forschung [GBF] in 
Braunschweig, described similar work based on calcu- 
lating intramolecular C distances. This too isolates struc- 
tural families from the PDB. Tim Hubbard, of the 
Cambridge Centre for Protein Engineering at Hills 
Road, takes this predictive approach in a different 
direction. He pointed out that the increased number of 
structures in the PDB allows one to use pair-wise inter- 
actions and H-bonding patterns to build potential tables 
for the topology of Beta-strand alignment, a technique 








for anyone who wants to predict structure from 


Gerald Boehm, of the University of Regensburg, is 


sources, is being 


ment will take place during the next 18 months, as the 
Data Library moves to its new site in Cambridge. 


Peter Artymiuk, of the Krebs Institute at Sheffield Uni- 


work at either main chain or side chain level, and have 
discovered previously unrecognised structural relation- 
ships between proteins in the PDB. 


Paul Wrede, of the Free University in Berlin, has devel- 


PROFI, for example, extracts useful features such as 
signal peptide sequences, while PROSID simulates 
molecular evolution and can be used to design new 
cleavage sites. Another approach is to generate artificial 
structures by modifying the course of the main chain of 
a known structure. Frieder Kaden, of the German 
National Centre for Computer Science, explained how 
this generates a new topology with the same space-filling 
characteristics, which can then be used to create an 
enhanced database for the development of folding 


algorithms. 


Putting the proteins and programs together to design 
new functions remains a challenge. Dietmar Schomburg 
explained how the interdisciplinary group at CAPE in 
Braunschweig has designed some very specific proteins, 
including an elastase inhibitor and a new dehydrogenase 
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that is designed to work on chiral amino acids and 
keto-acids. Jan Pedersen, of the University of Bath, 
reported on the development of software tools for pro- 
tein design, especially of antibodies and antigens. 
Docking algorithms and molecular modelling and simu- 
lation allow the group to target mutagenesis of specific 
regions of antibodies. 


Taking design forward into specific drugs, Ed Hodgkin 
described how his company, British Biotechnology Ltd. 
in Oxford, chases peptide “leads,” small regions that 
play an active part in biomolecular interactions, and 
constructs specific mimetics based on them. Peptide 
libraries are increasingly guiding people to those leads, 
which have so far been used to design receptor antago- 
nists and enzyme inhibitors. Hans-Joachim Boehm, of 
BASF in Ludwigshafen, uses a similar approach, posi- 
tioning new molecules and substituents on a known lead 
structure. He called for more research into methods for 


“annealing” these new ligands and receptors. 


The final session concerned the forces and dynamics of 
proteins. Jim Warwicker, of the AFRC Institute of Food 
Research, in Reading, outlined methods of estimating 
and depicting the electrostatic surface of proteins, which 
give insights into protein function and may, in future, be 
used to asses the accuracy of estimates of stability and 
pH response. Manfred Sippl, of the University of 
Salzburg in Austria, explained how his work uses the 
frequency of occurrence of secondary structures to cal- 
culate force fields for particular protein structures. Like 
Warwicker, Sippl foresees using this kind of information 
to assess and validate protein structures. Rod Hubbard, 
of York University, is trying to speed up computation for 
modelling, for example by simplifying the depiction of 
side chains. Protein 3D co-ordinates can be extracted 
from published stereo pair images of main chains, and 
many other tools are being developed to make it easier to 
determine structure and to model interactions. 


In all, the meeting was judged a success. It put scientists 
in touch, within and across national borders. It also 
identified a major area for future collaboration: the use 
of comparison and alignment studies to identify protein 
families. There is, however, a need for more exchange of 
software, and as a result of this meeting a directory of 
available programs will probably be made available. One 
useful suggestion is that the various programs be put to 
work on a small number of common structures, to allow 
an objective assessment of their relative capabilities. 
This may be a project that the SERC’s [Science and 
Engineering Research Council] EMBnet node at Dares- 
bury could undertake, in collaboration with the EMBL 
Data Library. More post-doctoral visits and exchanges 
will probably take place within the groups, and collabo- 
rations will be forged to create partnerships for the 
forthcoming EC Framework programme. 
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Netherlands: Genetically-Engineered Sugar Beets 
To Produce Industrial Starch 


BR2912125493 Rijswijk BIONIEUWS in Dutch 
20 Nov 93 p 1 


[Article by Margreet Bloemers: “Plants Make New Eco- 
logical Raw Material”’} 


[Text] Molecular biologists have succeeded in genetically 
modifying plants so that they can produce large quanti- 
ties of high- polymer fructans. These fructose polymers 
offer new industrial possibilities which were inconceiv- 
able using conventional glucose polymer starch. The Van 
der Have refining company is investigating whether the 
production of fructans is economically profitable. 


Fields of sugar beet stretching as far as the eye can see. 
This is how the future looks if we make everything from 
sugar, from phosphate substitutes in detergents to plas- 
tics components. Theoretically, sugars are cheap raw 
materials which are easily decomposed in the environ- 
ment. However, one problem is that not all sugars are 
equally suitable for use as building blocks for new 
products. So far, starch, which is easily recoverable, has 
been used with varying degrees of success. Recent results 
obtained by Dr. Sjef Smeekens’ research team (Molecu- 
lar Cell Biology research group at the University of 
Utrecht) bring high-polymer fructans within the reach of 
industry. 


Smeekens obtained the high-polymer fructans by trans- 
ferring a gene from the bacteria Bacillus subtilis to 
plants. Only a limited number of plants produce fructan 
with a chain length of between 10 and a few 100 fructose 
units. Certain bacteria, including types in our oral flora, 
can easily produce fructans consisting of 100,000 units. 
The genetically engineered plants are now equaling this 
performance. 


Delft University carbohydrate chemistry Professor 
Herman van Bekkum welcomes this discovery under the 
motto: “The longer the chain, the better. The very fact 
that you can safely cut up the raw material or make 
derivatives from it gives you far more possibilities.” 


Spin-off 


The fructan-producing plants came about more or less as 
a spin-off of the fundamental research carried out by 
Smeekens. He investigated how the end products of 
photosynthesis, such as glucose, fructose, and sucrose, 
are processed by plants. An increasing concentration of 
sugar in the cell may possibly inhibit photosynthesis and 
therefore the growth of the plant. By studying the effect 
of various types of sucrose polymerization on photosyn- 
thesis, you obtain a clear picture of this inhibition. 


Using genetic engineering, the researchers endow the 
plant cell with enzymes which can produce specific types 
of sugar chains, for example fructans. If a plant is to 
produce an alien sugar chain without problems, it is also 
important that the increase in this chain takes place in 
the right place (in the cytosol, the vacuoles, or in the 
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extra-cellular environment itself). To ensure that this 
happens, the genetic information about the storage loca- 
tion of the final sugar chain is controlled, as well as the 
gene which codes for a specific polymerization enzyme. 
By combining these properties, Smeekens’ group was the 
first to succeed in making plants produce high-polymer 
sugars. 


In follow-up research funded by the EC and other 
institutions, Smeekens will delve further into the possi- 
bilities of the technique. ““We want to condition the 
polymerization enzyme in such a way that specific 
polymerization occurs. This means that we can also 
produce sugars other than fructans. Ultimately, we can 
make any plant produce any sugar.” 


Scaling Up 


The SON and STW [Technical Sciences Foundation], 
which are financing the research, have now filed a patent 
application for the principle of producing specific sugars 
using genetically engineered plants. Furthermore, the 
Zeeland-based Van der Have company has bought the 
operating rights. Research leader Cees Noome believes it 
is now time to select a suitable crop (sugar beet or 
chicory for example), so that the high-polymer fructans 
can be profitably produced. 


Noome says we will have to wait and see whether a useful 
result will be produced quickly. “Such long-term projects 
are risky because of the many stages involved in pro- 
ducing an ideal, stable strain. It will be a few years before 
we can say we have an industrially useful raw material.” 


Netherlands: ‘Introgene’ Seeks Role of EC-Wide 
Gene Therapy Center 


BR2912151293 Rijswijk BIONIEUWS in Dutch 
11 Dec 93 p 3 


[Article by Marcel aan de Brugh: “Dinko Valerio: ‘There 
Is Plenty of Money in the Netherlands for Gene 
Therapy””’] 


[Text] “In the end there will be six or seven centers 
worldwide which will carry out gene therapy on a com- 
mercial basis. Europe will have one of them. And we 
intend to be that European center,” said Professor Dr. 
Dinko Valerio. 


The director of the recently set up company of Introgene 
has a deep-rooted belief in private enterprise, a positive 
outlook on business that is normally encountered only in 
America. “Oh, the Netherlands are not so different from 
America, it is just that we are not yet convinced of the 
fact. If you look at the matter carefully, we do not have 
anything to complain about. The Netherlands possesses 
a good climate for research, with a long-standing tradi- 
tion of both medical research and biotechnology. During 
the past few years, more and more universities have 
acquired an entrepreneurial attitude, and the govern- 
ment is also showing positive support. The tremendous 
subsidy scheme covering genetic manipulation and gene 
therapy is prove of this. We are wealthy. The possibilities 
ahead of us are enormous.” 


Despite all this praise, the majority of researchers are 
still crossing the Atlantic when they want to set up their 
own company. Valerio does not only see a brain drain in 
the direction of America, but also an entrepreneurial 
drain. “There is a great gap in Europe as far as any 
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commercialization of knowledge is concerned. There is 
as yet no clear infrastructure, and financial backers have 
not yet had much experience of risk-carrying initiatives. 
I want to change all that.” 


In America, for instance, it is absolutely normal that a 
venture capitalist should invest in a company, thus 
giving it a chance to grow. The knowledge available 
and the value of the business increase visibly. After a 
few years, the company appears on the stock exchange. 
It is sold to the public, long before it has made even a 
guilder in profits. The venture capitalist receives his 
investment back with interest, while the company has 
got off the ground. 


Valerio wants to be able to extract an investment of 1.1 
million Dutch guilders from Atlas Venture, a Nether- 
lands venture capitalist, by using this economic 
maneuver. In addition, he will receive a Pioneers’ Grant 
(1.5 million guilders) as well as subsidies from the 
Rotterdam University Hospital and from the Ministry of 
Economic Affairs. 


Within a short while, Valerio hopes to be able to 
exchange his out-dated laboratory on TNO [Netherlands 
Central Institute for Applied Research] ground in 
Rijswijk for brand new premises on the grounds of 
Leiden University. From 1996 to 1998 Leiden State 
University (at which Valerio was recently appointed 
professor of gene therapy) will subsidize the university 
research group which Valerio will lead. The new pro- 
fessor can then reckon on a subsidy of 2 million guilders. 
According to Valerio, “all the investors concerned are 
aware that the market for gene therapy is not just around 
the corner. I think that we have to wait for at least about 
eight years for that. Fortunately they also understand 
that the Netherlands could become an important center 
in the field of gene therapy.” 


Adenosine Deaminase 


In March of this year Valerio became the first researcher 
to apply gene therapy to a human being. In this case, a 
French child in the Necker Hospital in Paris was treated 
for ada-scid, a disorder of the immune system in which a 
defect in the gene that codes for the adenosine deami- 
nase (ada) enzyme interrupts the production of white 
blood cells. Patients fall prey to all kinds of infections 
from which they can die if not treated. 


Valerio and his colleagues played a large part in the 
success of the operation. They transferred a correct ada 
gene into isolated bone marrow cells from the child. The 
bone marrow cells were then injected back into the body 
of the patient, the intention being that the cells will 
resume their function and produce completely perfect 
white blood cells. Whether the operation will actually 
produce any results will not be known for several 
months. 
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On the Way to a Routine Technique 


While gene therapy was originally seen as a solution for 
hereditary diseases, nowadays researchers also see pos- 
sibilities in such disorders as hepatitis B, rheumatoid 
arthritis, and cancer (of the brain and of the lung, 
amongst others). All kinds of cell types are being 
considered for the technique: muscle cells, lung cells, 
nerve cells. 


Valerio’s group intends to specialize in gene therapy in 
genealogical cells, and therefore is making use of bone 
marrow cells. “We want to bring the technique to the 
point that it can be routinely applied. We ourselves will 
probably be involved in the treatment of only one, at the 
most two diseases, as test cases for the technique. For 
other diseases we will eventually only deliver the tools. 
We will make those so simple that anyone will be able to 
work with them.” 


Germany: Fraunhofer Institute Develops 
Biosensor-Based AIDS Test 


BRO712160693 Munich SUEDDEUTSCHE ZEITUNG 
in German II Nov 93 p 37 


[Text] Microsystems engineers at the Munich-based 
Fraunhofer Institute of Solid-State Chemistry, working 
with microbiologists from the University of Regensburg, 
have developed a new HIV test in which a biosensor 
detects traces of the AIDS virus in blood samples. The 
Fraunhofer Society (FhG) has recently announced that 
the system, which works automatically, is ideal for use in 
mobile units and large test batches and is cheaper and 
faster than conventional detection methods. 


The new process is based on the same test principle as 
previous methods, exploiting the antigen-antibody reac- 
tion. When a human being becomes infected with the 
HI-virus, which triggers the lethal immune-deficiency 
disease, AIDS, his or her immune system produces 
specific antibodies to proteins on the surface of the 
pathogen. These proteins are termed antigens. If a blood 
sample is exposed to artificially produced antigens, any 
AIDS antibodies present in the blood will fasten onto 
them. In the conventional enzyme immune test, which 
takes several hours, this bond triggers a change of color. 


The FhG reports that the new system detects the antigen- 
antibody reaction in only 10 minutes. An injection valve 
feeds the blood sample into a stream of liquid flowing 
through a measuring chamber with a sensitive piezoelec- 
tric oscillator. An electronic alternating field causes these 
thin, pure quartz platelets, of the type used, for instance, 
in watches and modern digital scales, to vibrate. If 
anything is deposited on the quartz, the oscillation 
frequency changes, the change being recorded by the 
oscillator and the frequency counter. 


The researchers used gold, to which proteins adhere well, 
to coat the quartz platelets with AIDS virus antigens. As 
soon as HIV antibodies fasten onto the sensor, its mass 
increases, as does its oscillation frequency. It is reported 
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that test batches of a thousand samples each can be 
tested automatically with this process. If the AIDS 
antibody is discovered in one of the samples, the appa- 
ratus must be cleaned or the piezoelectric oscillator 
changed. The society’s report states that all previous tests 
showed a marked difference in response to positive and 
antibody-free serum samples. As the new test is basically 
an offshoot of the conventional detection process, the 
researchers assume that it is equally accurate. 


Germany: Biosensor Developed for Quick HIV 
Blood Test 


94WS0095A Duesseldorf HANDELSBLATT in German 
11 Nov 93 p 22 


[Article by Franz Miller, Fraunhofer Society, Munich, 
under the rubric “Research and Technology”: “Immune 
Diagnostics/Quick HIV Test Could Reduce Risk in 
Blood Transfusions. Sensor Enables Testing of Blood 
Donation As Late As Just Before the Transfusion’”’; first 
paragraph is an introduction] 


[Text] Wednesday, 10 Nov 93 (HANDELSBLATT)— 
Microsystem engineers at the Fraunhofer Institute for 
Solid-State Technology (IFT) in Munich together with 
microbiologists at the Institute for Medical Microbiology 
and Health of Regensburg University have developed a 
new testing method by means of which banked blood can 
be tested for HIV immediately before transfusion. The 
first testing instruments are available as prototypes, but 
they still have to be certified first by the Paul Ehrlich 
Institute before series production. 


A car accident. The profusely bleeding front-seat pas- 
senger is taken to the hospital. Diagnosis: just cuts and 
lacerations, which are sutured. But blood transfusions 
become necessary because of heavy loss of blood. The 
patient, afraid of HIV infection, panics. “‘Don’t 
worry,” the doctor reassures, “I am now putting a 
sample of the blood into this testing instrument, and in 
10 minutes you will be able to see for yourself that the 
banked blood is free of HIV antibodies.” This could 
soon be everyday medical practice if the new HIV test 
goes into production. 


Up to 1000 Specimens Tested Automatically 


The heart of the analysis system is a biosensor that 
detects an antigen- antibody reaction. This highly sensi- 
tive biological sensing device causes any antibody to 
attach to just its quite specific antigen. This is usually 
described, approximately and in simplified fashion, by 
the lock-and-key principle. If the proper antigen is put 
into the blood specimen and the reaction takes place, 
then this is proof that the antibodies looked for are 
present in the specimen. 


Antibodies are detectable in the blood of any HIV- 
infected patient several weeks after the infection. The 
analysis reaction just has to be transformed into a visible 
or other kind of signal. Most conventional HIV tests are 
based on this measurement principle and indicate the 
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existence of antibodies by means of a change of color. 
The new HIV test employing a biosensor is essentially a 
further development of the conventional tests and is 
closely similar. However, the enzyme immune tests used 
thus far take several hours, whereas the biosensor makes 
its test result known in 10 minutes. “But this quick result 
cannot be obtained in diagnostic tests, because positive 
test results first have to be confirmed by a second 
independent test,” qualifies Professor Hans J. Wolf, a 
microbiologist and director of Regensburg University’s 
Institute for Medical Microbiology and Health. 


The biosensor can produce a substantial cost saving with 
very large test quantities and relatively low hit rates—as 
is usually the case in HIV tests: It is not consumed so 
long as no positive specimen appears. No bothersome 
specimen preparation, pipetting, dilution, purification 
and so forth are required for a test. A single compact 
analyzer is sufficient, in which up to 1000 specimens are 
automatically inserted, prepared one by one, and, 
clocked online, pumped through the biosensor mea- 
suring chamber. 


The decisive advantage of the biosensor analysis system 
lies in its automated system configuration—and this is 
the trend-setting direction for all advanced test develop- 
ment. The complicated handling with the dangerous, in 
this case potentially infectious, specimens was integrated 
into the instrument. Accordingly it is suited not only for 
serial tests at blood banks or other blood-processing 
establishments, but is also plainly cut out for on-site use. 
So the doctor needs only to put the blood specimen into 
the unit and then the test proceeds automatically. 


That the two so different institutions cooperated inten- 
sively as early as from the first idea—over four and a half 
years ago—was decisive for the scientists’ success. There 
was basic preliminary work to do in finding out how 
microelectronic sensors can be coupled with proteins. 
HIV was chosen as the model system from the start. 
Finally a suitable measurement principle was found and 
investigated and further developed into a functioning 
signal converter for the detection of antibodies. 


Quartz Oscillators Convert the Measuring Signal 


Quartz oscillators—thin wafers made of pure quartz 
crystal—that because of their high reliability are used as 
frequency-, cycle- or time-regulating components are the 
heart of the measuring system. They are found in time- 
pieces, in advanced digital scales and also in computers 
or engine controllers. As mass-produced electronic prod- 
ucts they are not particularly expensive. Quartz oscilla- 
tors are excited to oscillate by means of an electronic 
alternating field. If something is deposited on the quartz 
oscillator, with the increase in mass the frequency also 
changes. This change is detected by an oscillator and 
frequency counter. 


Once the measuring principle was functioning, the team 
dealt for a long time with the problem of how biological 
material can be put onto quartz wafers. Unlike other 
research teams, they used gold electrodes here, which 
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permit good adhesion and stability of the biological 
material. Then there was a breakthrough too: The hydro- 
phobic interaction between a protein and gold surface 
brings about such good adhesion that the proteins are 
not washed off. 


Finding suitable antigens for the coating was the job of 
Professor Hans J. Wolf, who has already developed 
several conventional HIV tests and other virus tests. 
‘“‘We know the general sequence of the HIV genome, and 
with the aid of our self-developed computer-aided pro- 
tein analyses selected virion envelope regions which we 
knew are well recognized by the immune system of 
infected patients.” These proteins—the regions are 30 to 
40 amino acids long—were produced chemically and 
tested with normal sera. Color reactions indicated 
whether the sera recognize this little piece of the virion 
envelope. 


The now finished testing system is based on the flow 
injection principle, which consists of two liquid circuits 
driven by pumps: a circuit in which the specimens are 
prepared and automatically lined up in a waiting loop. 
An injection valve feeds them, precisely timed, into the 
liquid stream of the measuring circuit. The carrier 
stream constantly flows through the measuring chamber 
containing the sensitive quartz oscillator. 


The flow-through compartment’s geometry is chosen so 
that the antibodies come into as good as possible contact 
with the quartz oscillator. The quartz oscillator’s mass 
increases aS soon as antibodies attach to the quartz 
oscillator. This is detected and the infective specimens 
are labeled. The quartz oscillator employed has to be 
replaced now. 


“Every test by the new analysis system presented a 
clearly discernible signal,” Professor Hans Wolf reports. 
The analysis system is so sophisticated in terms of 
medical standards and system engineering that it can be 
transformed into a marketable product, he says. How- 
ever, it still has to be certified by the Paul Ehrlich 
Institute, which should be no problem according to 
Professor Wolf's experience thus far. The time frame for 
the new analytical method’s being employed in medi- 
cine: three to five years. 


France: Albumin Production Abandoned 


94WS0179B Paris L’'USINE NOUVELLE in French 
16 Dec 93 p 35 


[Article by Pierre Laperrousaz: “Medical: Merieux Gives 
Up Extraction of Placental Albumin; Genetic Engi- 
neering Does Not Deliver” —first paragraph is L’USINE 
NOUVELLE introduction] 


WEST EUROPE 55 


[Text] Genetically engineered albumin could rule out 
any risk of contamination. But the process is still too 
costly. 


The decision made by the Merieux Institute to stop the 
production of placental albumin should logically rea- 
waken interest in recombinant albumin obtained 
through genetic engineering. 


The Merieux Institute, which had set up an original 
process using placentas collected throughout the world, 
had to stop production under the pressure of health 
authorities. The latter are in fact quite concerned about 
the risk of contamination by infectious agents, such as 
the one that causes the Creutzfeldt-Jakob syndrome in 
patients treated with growth hormone. 


In principle, using genetically engineered products will 
rule out any risk. The best example of this is precisely the 
growth hormone which, today, is exclusively of genetic 
origin. Why, then, not follow the same path for albumin? 


Rhone-Poulenc, in collaboration first with Genetica, 
then with Merieux, which since then has joined the 
group headed by Jean-Rene Fourtou, was among the first 
to think of it. Research was even sufficiently advanced to 
consider applying for an AMM [marketing authoriza- 
tion] by 1995-1996. Today, however, the group is ques- 
tioning the feasibility of the process, and the project has 
been put on the backburner. 


Actually, manufacturing albumin by genetic engi- 
neering poses a fearsome industrialization problem, in 
particular at the product purification stage. ““Com- 
pared with other recombinant products introduced in 
recent years, for instance tPA, we are working on a 
quite different scale because the quantities involved 
are much larger and the market price much lower,” 
people at Merieux explained. The current world 
albumin production is 250-300 tons, eight percent of 
which is produced by Merieux. The product sells for 18 
francs per gram and is used in quantities of several 
hundred grams per dose, whereas a recombinant drug 
sells for several thousand francs per gram but is admin- 
istered in doses measured in micrograms. 


Does that mean that we should give up all hope of ever 
manufacturing genetically engineered albumin? Will the 
need for maximum security tip the scales in the right 
direction, as was the case for another blood product, the 
antihemophilic Factor 8, the first recombinant version 
of which was introduced on the market this year by the 
U.S. company Baxter? But it is true that this is another 
product used in infinitesimal doses. 





56 INTERNATIONAL 


AEROSPACE 


Brazil: Brazilian Space Program Summarized 


94WS0145A Sao Paulo GAZETA MERCANTIL 
in Portuguese 27-29 Nov 93 p 5 


[Article by Virginia Silveira: “Resumption of Space 
Program’’] 


[Text] Sao Jose dos Campos—The Brazilian space pro- 
gram has received incentives this year [1993] for 
speeding its development of satellites through the use of 
funds from the Federal Government’s privatization pro- 
gram. The China-Brazil Earth Resources Satellite 
(CBERS) project and the Complete Brazilian Space 
Mission (MECB) have a guaranteed appropriation of 
$85 million for the coming two years. 


Of that total, about $21 million is already available this 
year for the Chinese-Brazilian project, and another $15 
million will be available for the period from 1994 to 
1996. The first portion of the money was advanced by 
the Bank of Brazil at the end of October. The funds were 
obtained from an agreement signed between the Bank of 
Brazil, the Ministry of Science and Technology, and the 
Funding Authority for Studies and Projects (Finep). 


According to Carlos Santana, manager of the CBERS, 
release of the $21 million will make it possible to resume 
the program by contracting with firms to supply the 
electronic and mechanical equipment for the satellites. 
The National Institute of Space Research (INPE), which 
is developing one-third of the project in cooperation 
with China, has already issued seven invitations to bid in 
order to put together the group of firms that will partic- 
ipate in the program. 


At present, eight firms are working with the INPE on the 
Chinese-Brazilian project. They are: Tecnasa Profes- 
sional Electronics, Elebra Defense and Control Systems, 
Esca Telecommunications, Composite Technology, 
Aeroelectronics, Brazilian Nuclear Industries, Digicon, 
and Embraer. 


According to Santana, the new contracts being worked 
out with the other firms are concerned with electronic 
and mechanical equipment for the following satellite 
subsystems: power supply, mechanical structure, image 
transmitter, data collection transmitter, antennas, and 
UHF transmitter. 


According to manager Santana, Brazilian countertrade 
in connection with the Chinese-Brazilian program this 
year has made it easier to expand the space agreement 
with China. In the first week of November, the two 
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countries signed a new memorandum of intent to carry 
out a joint study of the feasibility of communications 
satellites. 


According to Santana, the new technological coopera- 
tion agreement with China also calls for launching a 
scientific satellite, to be built by the INPE, in conjunc- 
tion with the first satellite in the CBERS series in 
October 1996. The Brazilian share of the launching is 
budgeted at $15 million. 


The launch contract was signed early this month between 
the INPE, Finep, and China’s Great Wall firm. It also 
includes an offset agreement ensuring Brazil of exports 
in the same amount as the deal reached with China. The 
remote sensing satellites will be launched using Great 
Wall’s Long March IV rocket. The satellite weighs 1,500 
kg and has an estimated useful life of 10 years. 


Construction of the scientific satellite, which will be 
carried on board SSR-1, will be financed by Finep and 
will cost a total of $4 million. According to Santana, the 
satellite will use the same technology as that developed 
for the data collection satellite, and its mission will be to 
conduct research in the electromagnetic field of the 
ionosphere and X-rays and gamma rays. 


Under the terms of the agreement signed with China in 
1988, Brazil’s share of the CBERS program amounts to 
$50 million, or 30 percent of the project. It will be up 
to the INPE to develop one of the cameras for the 
satellite’s observation system, the flight structure, the 
mechanical model, and the telemetry and communica- 
tions transponder. 


The mission of the remote sensing satellites will be to 
photograph the planet for the purpose of observing land 
use and mapping the soil’s natural and mineral resources 
and also to sense climatic changes in specific areas. The 
satellites will also make it possible to improve agricul- 
tural activities by the use of space technology to forecast 
harvests and planting. 


The INPE’s program to develop satellites is also sup- 
ported by a $24.7 million line of credit extended by 
Finep. That financing will be used to pay the firms 
participating in the satellite program, with the funds to 
be released over the next two years, according to Marcio 
Nogueira Barbosa, director of the INPE. 


The INPE expects at least 13 contracts to be covered by 
Finep financing. According to the timetable for releasing 
funds from that line of credit, the firms already hired and 
those approved in future bidding will receive $7.5 mil- 
lion this year. Another $11.1 million is expected in 1994, 
followed by $6 million in 1995. 


According to Barbosa, the funds from Finep will make it 
possible to complete part of the work planned in connec- 
tion with the MECB and the CBERS, which have expe- 
rienced constant setbacks because of delays in paying the 
firms involved. 
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